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Mail Stop Appeal Brief - Patents 

Commissioner for Patents 
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Alexandria, VA 22313-1450 

APPELLANTS' APPEAL BRIEF PURSUANT TO 37 CFR §41.37 

Appellants hereby submit one copy of the present Appeal Brief to the Board of Patent 
Appeals and Interferences ("the Board") in response to the Final Rejection, dated November 19, 
2008, in connection with the above-identified application. A Notice of Appeal was timely filed 
March 19, 2009. The period for filing the Appeal Brief has been extended, by enclosure of a 
petition and payment of the appropriate fee, to and through October 1 9, 2009. 

Appellants respectfully submit that this brief complies with 37 C.F.R. § 41.37. This 
brief contains the items required by 37 C.F.R. § 41.37, under appropriate headings, and an 
authorization to charge the fee set forth in 37 C.F.R. § 41 .20(b)(2). 
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(i) Real Party in Interest 

The real party in interest in the above-identified patent application is the assignee, the 
Trustees of the University of Pennsylvania of Philadelphia, Pennsylvania. The real party in 
interest is referred to herein as "Appellants." 
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(ii) Related Appeals And Interferences 

A Notice of Appeal in connection with United States Patent Application Serial No. 
10/734,024, was filed April 30, 2007, and a corresponding Appeal Brief was filed November 30, 
2007. The Appeal was not heard by the Board, but, instead, the Office withdrew the pending 
rejections of the claims and reopened prosecution on February 20, 2008. A copy of the Non- 
Final Office Action withdrawing the pending rejections is included in the Related Proceedings 
Appendix. 
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(iii) Status Of Claims 

The present application was originally filed December 11, 2003, with claims 1-13. 

A Preliminary Amendment and Response to Restriction Requirement was filed January 
30, 2006 in which claims 6-13 were canceled and new claims 14-28 were added, whereupon 
claims 1-5 and 14-28 were pending. 

A Response and Amendment was filed August 16, 2006 in response to a Non-Final 
Rejection of the claims, in which claims 19, 24 and 28 were canceled and new claims 29-34 were 
added, whereupon claims 1-5, 14-18, 20-23, 25-27 and 29-34 were pending. 

A Response and Amendment was filed April 30, 2007 in response to a Final Rejection 
of the claims, requesting that claims 1-5, 14-18, 20, 25-27 and 29-31 be canceled. 

An Advisory Action dated June 13, 2007 indicated in Item 7 that for purposes of appeal, 
the proposed amendment would be entered, whereupon claims 21-23 and 32-34 were pending. 

A Notice of Appeal was filed April 30, 2007, and a corresponding Appeal Brief was 
filed November 30, 2007, whereupon claims 21-23 and 32-34 were pending. 

A Response and Amendment was filed August 19, 2008, in response to a Non-Final 
Rejection of the claims, requesting that claim 21 be amended, whereupon claims 21-23 and 32- 
34 were pending. 

Accordingly, claims 21-23 and 32-34 are pending and rejected, and claims 1-20 and 24- 
3 1 are canceled. The rejection of claims 2 1 -23 and 32-34 is being appealed. 

Claims 21-23 and 32-34, which are at issue in this appeal, appear in the Claims 
Appendix. 
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(iv) Status Of Amendments 

A Response and Amendment was filed August 19, 2008, in response to a Non-Final 
Rejection of the claims, requesting that claim 21 be amended, whereupon claims 21-23 and 32- 
34 were pending. 

No claims have been amended subsequent to the Final Rejection mailed November 19, 

2008. 
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(v) Summary of Claimed Subject Matter 

There are two independent claims pending in the present application: claims 21 and 32. 
Claims 22 and 23 are dependent on claim 21, and claims 33 and 34 are dependent on claim 32. 

Claim 21 relates to methods of preventing lymphocyte activation. The method comprises 
the steps of obtaining isolated Vpr protein and contacting lymphocytes with an amount of the 
Vpr protein effective to prevent activation. Support for claim 21 can be found in claim 4 as 
originally filed and in the specification, such as, for example, at page 7, lines 16-26; page 9, lines 
1 1-14, page 10, lines 16-20 and 27-34, and page 1 1, lines 3-8. 

Claim 22 is dependent on claim 21 and relates to methods of claim 21 in which the 
lymphocytes are T cells. 

Claim 23 is dependent on claim 21 and relates to methods of claim 21 in which the 
lymphocytes are B cells. 

Claim 32 relates to methods of inhibiting lymphocyte activation. The method comprises 
the steps of obtaining isolated Vpr protein and contacting lymphocytes with an amount of the 
Vpr protein effective to inhibit activation wherein cytokine production and secretion that occurs 
due to lymphocyte activation by immunoglobulin is inhibited. Support for claim 32 can be found 
in the specification, such as, for example, at page 10, lines 14-20. 

Claim 33 is dependent on claim 32 and relates to methods of claim 32 in which the 
lymphocytes are T cells. 

Claim 34 is dependent on claim 32 and relates to methods of claim 32 in which the 
lymphocytes are B cells. 
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(vi) Grounds of Rejection to be Reviewed on Appeal 

The first ground of rejection to be reviewed on appeal is whether claims 21-23 are 
unpatentable under 35 U.S.C. § 112, first paragraph as allegedly failing the enablement 
requirement. 

The second ground of rejection to be reviewed on appeal is whether claims 32-34 are 
unpatentable under 35 U.S.C. § 112, first paragraph as allegedly failing the enablement 
requirement. 
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(vii) Argument 

A. Claims 21-23 

The rejection of claims 21-23 as being unpatentable under 35 U.S.C. § 11 2, first 
paragraph, was erroneous because the Office failed to set forth reasoning or evidence to support 
the rejection and cast any objective doubt on the truth of Applicant's assertion that the claimed 
invention is enabled. The Office failed to meet its burden to establish with reasoning and 
evidence that one skilled in the art would require undue experimentation to practice the claimed 
invention. Appellants respectfully urge that the rejection was therefore improper and should be 
reversed. 

The Office asserts that Appellants have not provided any teaching regarding the 
prevention and inhibition of lymphocyte activation (Office Action, Nov. 19, 2008). Appellants 
expressly disclose the prevention and inhibition of lymphocyte activation in the specification 
including a description of production and secretion of cytokines by T cells, B cells, and 
monocytes. The reasons provided in support of the rejection was the absence of any supporting 
evidence to demonstrate the operability of the invention.. The only evidence cited was the 
reference Rogel, et al. which disclosed that Vpr protein is biological active and , when contacted 
with Vpr, cells undergo cell cycle arrest and discontinue passing through the cell cycle. Rogel et 
al. is completely silent with respect to both activation of lymphocytes. The rejection is an 
unsupported allegation that the claims are not enabled because Appellants have not shown them 
to be so. 

It is well established that in the examination of claims for compliance with the 
enablement requirement, the Office bears the initial burden to establish non-enablement. That is, 
the object truth of an applicants' assertion that the claims are enabled is to be accepted unless 
and until the Office can put forward the arguments, supported by sound reasoning and evidence, 
as to why one skilled in the art would doubt such assertion. In order to make a rejection, the 
examiner has the initial burden to establish a reasonable basis to question the enablement 
provided for the claimed invention. In re Wright, 999 F.2d 1557, 1562, 27 USPQ2d 1510, 1513 
(Fed. Cir. 1993) (examiner must provide a reasonable explanation as to why the scope of 
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protection provided by a claim is not adequately enabled by the disclosure). A specification 

disclosure which contains a teaching of the manner and process of making and using an 

invention in terms which correspond in scope to those used in describing and defining the subject 

matter sought to be patented must be taken as being in compliance with the enablement 

requirement of 35 U.S.C. 1 12, first paragraph, unless there is a reason to doubt the objective 

truth of the statements contained therein which must be relied on for enabling support. Assuming 

that sufficient reason for such doubt exists, a rejection for failure to teach how to make and/or 

use will be proper on that basis. In re Marzocchi, 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 

1971). As stated by the court, "it is incumbent upon the Patent Office, whenever a rejection on 

this basis is made, to explain why it doubts the truth or accuracy of any statement in a supporting 

disclosure and to back up assertions of its own with acceptable evidence or reasoning which is 

inconsistent with the contested statement. Otherwise, there would be no need for the applicant 

to go to the trouble and expense of supporting his presumptively accurate disclosure." 439 F.2d 

at 224, 169 USPQ at 370 (emphasis added). The law regarding enablement fully supports 

Appellants' position. The law is clear that applicants do not have to submit proof of operability 

to comply with the enablement requirement, and is equally clear that the absence of such proof 

alone is insufficient to meet the Office's burden. 

Claims 21-23 refer to methods of preventing lymphocyte activation. The steps set forth 

in independent claim 21 include the step of "obtaining isolated Vpr protein" and the step of 

contacting lymphocyte cells with an amount of said 
Vpr protein effective to prevent activation. 

In describing the methods, the specification clearly discloses that Vpr prevents lymphocyte 

activation. For example, on page 9 lines 1 1-14 of the specification states: 

It has been discovered that HIV protein vpr inhibits 
cell proliferation, induces undifferentiated cells to 
differentiate, that vpr effects modifies the state of 
macrophage cells, and prevents activation of 
lymphocytes. 
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On page 10, lines 14-20, the specification clearly describes what happens when activation is 
inhibited or prevented, stating 



It has been discovered that activation of 
lymphocytes such as T cells B cells and monocytes 
can be inhibited by vpr. Vpr prevents activation of 
these cells by immunoglobulin molecules. 
Activation of these cells by immunoglobulin 
molecules results in cytokine production/secretion. 
Accordingly, vpr inhibits cytokine 
production/secretion by these cells due to 
immunoglobulin activation. 



In the Official Action dated February 20, 2008, the claims were rejected under 35 U.S.C. 
1 12, first paragraph, for failing the enablement requirement. The Office incorrectly 
characterized the content of the specification as providing "no guidance regarding practice of the 
claimed methods" (page 5). On page 5, the Office erroneously concludes that the mechanism of 
action of Vpr in cells which is disclosed in the specification - that is the interaction of Vpr and 
the cellular protein Rip-1 which interacts with the glucocorticoid reception complex - is "not 
remotely related to inhibition or prevention of lymphocyte activation." The Office did not cite a 
single reference that discusses activation of lymphocytes and the involvement of the 
glucocorticoid receptor complexes. The Office, instead, cited three references to suggest that the 
prior art is "unpredictable" by stating the following: 



[a]t the time of the invention was made, successful 
implementation of lymphocyte activation inhibition 
[sic] and prevention with Vpr was not routinely 
practiced by those of ordinary skill in the art. Prior 
art only teaches T lymphocytes to secrete [sic] 
cytokines upon activation (Mosmann, 1997) and B 
lymphocytes to produce [sic] immunoglobulins 
once activated by cytokines {Paul, 1987). The only 
effect of Vpr expression within cells is the 
alteration of distribution of cells in the cell cycle 
and thereby mediating [sic] the prevention of cell 
proliferation (Rogel, February 1995) 
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Nothing in these three references establish any unpredictability with respect to the claimed 
invention. The specification is in agreement with the teachings of Mosmann, 1997 which 
describe the association of secretion of cytokines following activation of T cells. Likewise, 
nothing in Paul, 1987 contradicts the assertion that Vpr can prevent B lymphocyte activation. 
Finally, Rogel, February 1995 discloses that Vpr has biological activity although their 
observation were limited to linking Vpr expression with preventing cell proliferation; they did 
not study the effect of Vpr on lymphocyte activation. Accordingly, the reference did not make a 
reasoned argument why Appellants assertions of enablement should be questioned and the 
evidence they cited in support of the rejection did not support any assertion of unpredictability. 

In Appellants' response filed August 1 9, 2008, Appellants pointed out that the Office had 
failed to establish a prima facie case of enablement. Having no obligation to do so, Appellants 
pointed out the relevant passages of the specification that describe lymphocyte activation and 
glucocorticoid receptor complex function disclosed above. Such response should have been 
sufficient to have the rejection withdrawn or provided anew with reasoning and support 
sufficient to meet the Office's burden. 

Instead, in the Official Action dated November 19, 2008, the claims were rejected under 

35 U.S. C. 1 12, first paragraph, for failing the enablement requirement. The Office restated the 

erroneous conclusion provided in the earlier Official Action, stating on page 4 that: 

[t]he disclosure fails to provide any guidance 
pertaining to the structural characteristics or 
mechanism of the interaction between Vpr and 
lymphocytes. The specification specifically 
discloses in more details and in working examples 
the use of Vpr or Rip- 1 -binding fragments of Vpr 
protein as transfection agent [sic] for the delivery of 
conjugated nucleic acid molecule [sic] or 
derivatives into the nucleus of a cell (page 36-37), 
which is not remotely related to inhibition or 
prevention of lymphocyte activation in vitro or in 
vivo, especially inside humans. 
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The rejection as set forth in the November 19, 2008 is improper in that it does not provide the 
requisite reasoning and evidence to support an initial conclusion of non-enablement. Rather, the 
Office focuses on a description of certain activities of Vpr directed at other claims not pending. 
The passages noted in the Official Action in no way contradict the claimed invention but rather 
are simply directed to other subject matter. The inclusion in the specification of a detailed 
description of a mechanism of action of another feature of Vpr does not undermine the assertion 
of enablement. More importantly, there is no requirement to provide a description of the 
mechanism by which the claimed invention works. 

In Appellants' response filed August 19, 2008, Appellants pointed out the following on 

page 5: 

The Office has failed to set forth any reasoning or 
evidence to support the rejection. The Office has 
not established that the claimed invention does not 
meet the enablement requirement Failing to do so, 
the burden is not properly shifted to Applicants. 
Applicants respectfully urge that the evidence and 
reasoning in the specification supports the 
conclusion that one skilled in the art would accept 
Applicant's assertion that the claims are enabled by 
the specification. In the absence of any evidence 
and reasoning in support of the rejection, 
Applicants are not required to put forth any 
evidence. 

Applicants respectfully request that any rejection 
based upon the Office statement above be 
withdrawn as the statements are not an accurate 
representation of the content of the specification. 
The Office has failed to provide any objective 
evidence or reasoning to question the validity of the 
contents of the specification. The Office has failed 
to present a single cited reference that demonstrates 
the claimed invention would not work. The Office 
has, instead, chosen to assert conclusory remarks 
about what one of ordinary skill in the art would not 
know based upon a negative inference drawn from 
references that do not discuss Vpr activity. The 
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Office reasoning is therefore flawed and the 
evidence provided by the Office is not relevant. 

The claims are fully enabled. There is no reasoning provided by the Office or evidence of 
record that suggests the Appellants assertions are in objective doubt. A simple, unsupported 
conclusion does not negate the Appellants position. A simple conclusion unsupported by any 
objective reasoning n of evidence is insufficient to establish a prima facie case of non- 
enablement. The Office has failed to fulfill their burden of proving that the specification does not 
enable the claimed invention. 

Appellants vigorously urge that the rejection should be reversed because the Office has 
failed to meet its burden. The references cited by the Office do not establish the unpredictability 
in the field. On the contrary, they are wholly consistent with the enablement of the invention. 
The absence of working examples and the absence of a disclosure of the molecular mechanisms 
involved together with the cited references simply does not establish that the claimed invention 
is not enabled. Accordingly, the burden has not shifted to Appellants and the assertions of 
enablement should remain accepted. 

Although unnecessary to teach how to make and use the claimed invention, the 
specification does indeed describe a mechanism of action involving Vpr which provides a 
consistent explanation for the prevention of lymphocyte activation by Vpr. The glucocorticoid 
receptor complex is commonly known to inhibit the function of cytokine transcription. The 
specification clearly and expressly teaches that HIV Vpr interacts with Rip-1, a protein 
component of the glucocorticoid receptor complex. The specification specifically discloses that 
Rip-1 is found in lymphocytes (Specification, page 46, lines 25-37) and that Vpr interacts with 
Rip-1 (Specification, page 49, lines 1-21). The specification specifically discloses that steroids 
induce the translocation of Rip-1 across the nuclear membrane. (Specification, page 48, lines 31- 
37) while glucocorticoid receptor antagonists prevent such translocation. The specification notes 
that steroids are known to have immunosuppressive effects. The specification specifically 
discloses that Vpr binds to Rip-1 which is part of the glucocorticoid receptor complex and 
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prevents translocation of the complex. Accordingly, the specification discloses that Vpr and 
steroids have a similar function of translocating the glucocorticoid receptor to the nucleus. The 
specification discloses that one of Vpr' s functions is its function as a translocation factor for 
glucocorticoid receptor; steroids are also translocation factor for glucocorticoid receptor. 
Steroids are immunosuppressants and the translocation of the glucocorticoid receptor to the 
nucleus is linked to this activity. 

The claimed invention involves the step of contacting lymphocytes with an amount of 
Vpr protein effective to prevent lymphocyte activation. The specification plainly and expressly 
discloses the well-known biological function of glucocorticoids and their effects on the immune 
system. The specification demonstrates that Vpr mimics the biological function of 
dexamethasone and hydrocortisone, well-known glucocorticoids. Thus, one skilled in the art 
would expect that Vpr, which has a function that is like the nuclear translocation function of 
steroids, would be immunosuppressive. Moreover, when all of the evidence of record is 
considered, one skilled in the art would conclude that there is no reason to doubt Appellants' 
assertions of enablement. 

While acknowledging that there is no requirement under the law for a patent application 
to contain a working example, the Office has asserted that a working example is necessary in the 
instant case because the Office the Rogel et al. reference discloses that Vpr functions to inhibit 
cell proliferation. The fact that a reference describes a function of Vpr other than that in the 
present invention is insufficient to establish that the state of the art and invention are 
unpredictable. 

This reasoning is flawed. One skilled in the art would not consider the fact that Vpr can 
inhibit cell proliferation as somehow making an assertion that Vpr prevents lymphocyte 
activation unpredictable. The two functions are not contradictory. The Rogel reference is does 
not establish, as the Office incorrectly states, that the "prior art is unpredictable". Likewise the 
Paul et al. reference is not contradictory with a finding of enablement. Moreover, the Mosmann 
reference actually supports a finding of enablement. There is no evidence provided by the 
Office that contradicts the plain and express statements of the specification that Vpr prevents 
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lymphocyte activation. There is no evidence of record that contradicts the Appellants' disclosure 
of contacting lymphocyte cells with an amount of Vpr effective to prevent lymphocyte activation 
or raises any doubts as to why Appellants' assertions should be questioned. 

Having submitted no reasoning or evidence that would cast objective doubt on the truth 
of the Appellants' statements in the specification, the Office has failed to sufficiently satisfy its 
burden to demonstrate that the claims are not enabled. When viewing the evidence of record in 
total, the evidence highly weighs in favor of finding the claims sufficiently enabled by the 
specification. 

One skilled in the art would not conclude that the Office has met its evidentiary burden 
with respect to the enablement rejection. The rejection of claims 21-23 as failing the enablement 
requirement is erroneous. For the forgoing reasons, Appellants respectfully request that the 
rejection of claims 21-23 as being unpatentable under 35 U.S.C. § 1 12, first paragraph, as 
allegedly failing the enablement requirement, be reversed. 

B. Claims 32-34 

The rejection of claims 32-34 as being unpatentable under 35 U.S.C. § 112, first 
paragraph, was erroneous because the Office failed to set forth reasoning or evidence to support 
the rejection and cast any objective doubt on the truth of Applicant's assertion that the claimed 
invention is enabled. The Office failed to meet its burden to establish with reasoning and 
evidence that one skilled in the art would require undue experimentation to practice the claimed 
invention. Appellants respectfully urge that the rejection was therefore improper and should be 
reversed. 

The Office asserts that Appellants have not provided any teaching regarding the 
prevention and inhibition of lymphocyte activation (Office Action, Nov. 19, 2008). Appellants 
expressly disclose the prevention and inhibition of lymphocyte activation in the specification 
including a description of production and secretion of cytokines by T cells, B cells, and 
monocytes. The reasons provided in support of the rejection was the absence of any supporting 
evidence to demonstrate the operability of the invention.. The only evidence cited was the 
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reference Rogel, et al. which disclosed that Vpr protein is biological active and , when contacted 
with Vpr, cells undergo cell cycle arrest and discontinue passing through the cell cycle. Rogel et 
al. is completely silent with respect to both activation of lymphocytes. The rejection is an 
unsupported allegation that the claims are not enabled because Appellants have not shown them 
to be so. 

It is well established that in the examination of claims for compliance with the 
enablement requirement, the Office bears the initial burden to establish non-enablement. That is, 
the object truth of an applicants' assertion that the claims are enabled is to be accepted unless 
and until the Office can put forward the arguments, supported by sound reasoning and evidence, 
as to why one skilled in the art would doubt such assertion. In order to make a rejection, the 
examiner has the initial burden to establish a reasonable basis to question the enablement 
provided for the claimed invention. In re Wright, 999 F.2d 1557, 1562, 27 USPQ2d 1510, 15 13 
(Fed. Cir. 1993) (examiner must provide a reasonable explanation as to why the scope of 
protection provided by a claim is not adequately enabled by the disclosure). A specification 
disclosure which contains a teaching of the manner and process of making and using an 
invention in terms which correspond in scope to those used in describing and defining the subject 
matter sought to be patented must be taken as being in compliance with the enablement 
requirement of 35 U.S.C. 112, first paragraph, unless there is a reason to doubt the objective 
truth of the statements contained therein which must be relied on for enabling support. Assuming 
that sufficient reason for such doubt exists, a rejection for failure to teach how to make and/or 
use will be proper on that basis. In re Marzocchi, 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 
1971). As stated by the court, "it is incumbent upon the Patent Office, whenever a rejection on 
this basis is made, to explain why it doubts the truth or accuracy of any statement in a supporting 
disclosure and to back up assertions of its own with acceptable evidence or reasoning which is 
inconsistent with the contested statement. Otherwise, there would be no need for the applicant 
to go to the trouble and expense of supporting his presumptively accurate disclosure." 439 F.2d 
at 224, 169 USPQ at 370 (emphasis added). The law regarding enablement fully supports 
Appellants* position. The law is clear that applicants do not have to submit proof of operability 
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to comply with the enablement requirement, and is equally clear that the absence of such proof 
alone is insufficient to meet the Office's burden. 

Claims 32-34 refer to methods of inhibiting lymphocyte activation. The steps set forth in 
independent claim 32 include the step of "obtaining isolated Vpr protein" and the step of 




In describing the methods, the specification clearly discloses that Vpr prevents lymphocyte 
activation. For example, on page 9 lines 1 1-14 of the specification states: 



It has been discovered that HIV protein vpr inhibits 
cell proliferation, induces undifferentiated cells to 
differentiate, that vpr effects modifies the state of 
macrophage cells, and prevents activation of 
lymphocytes. 



On page 10, lines 14-20, the specification clearly describes what happens when activation is 
inhibited or prevented, stating 



It has been discovered that activation of 
lymphocytes such as T cells B cells and monocytes 
can be inhibited by vpr. Vpr prevents activation of 
these cells by immunoglobulin molecules. 
Activation of these cells by immunoglobulin 
molecules results in cytokine production/secretion. 
Accordingly, vpr inhibits cytokine 
production/secretion by these cells due to 
immunoglobulin activation. 



In the Official Action dated February 20, 2008, the claims were rejected under 35 U.S.C. 
112, first paragraph, for failing the enablement requirement. The Office incorrecdy 
characterized the content of the specification as providing "no guidance regarding practice of the 
claimed methods" (page 5). On page 5, the Office erroneously concludes that the mechanism of 
action of Vpr in cells which is disclosed in the specification - that is the interaction of Vpr and 
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the cellular protein Rip-1 which interacts with the glucocorticoid reception complex - is "not 

remotely related to inhibition or prevention of lymphocyte activation." The Office did not cite a 

single reference that discusses activation of lymphocytes and the involvement of the 

glucocorticoid receptor complexes. The Office, instead, cited three references to suggest that the 

prior art is "unpredictable" by stating the following: 

[a]t the time of the invention was made, successful 
implementation of lymphocyte activation inhibition 
[sic] and prevention with Vpr was not routinely 
practiced by those of ordinary skill in the art. Prior 
art only teaches T lymphocytes to secrete [sic] 
cytokines upon activation (Mosmann, 1997) and B 
lymphocytes to produce [sic] immunoglobulins 
once activated by cytokines (Paul, 1987). The only 
effect of Vpr expression within cells is the 
alteration of distribution of cells in the cell cycle 
and thereby mediating [sic] the prevention of cell 
proliferation (Rogel, February 1995) 

Nothing in these three references establish any unpredictability with respect to the claimed 

invention. The specification is in agreement with the teachings of Mosmann, 1997 which 

describe the association of secretion of cytokines following activation of T cells. Likewise, 

nothing in Paul, 1987, contradicts the assertion that Vpr can prevent B lymphocyte activation. 

Finally, Rogel, February 1995, discloses that Vpr has biological activity although their 

observation were limited to linking Vpr expression with preventing cell proliferation; they did 

not study the effect of Vpr on lymphocyte activation. Accordingly, the reference did not make a 

reasoned argument why Appellants assertions of enablement should be questioned and the 

evidence they cited in support of the rejection did not support any assertion of unpredictability. 

In Appellants' response filed August 19, 2008, Appellants pointed out that the Office had 

failed to establish a prima facie case of enablement. Having no obligation to do so, Appellants 

pointed out the relevant passages of the specification that describe lymphocyte activation and 

glucocorticoid receptor complex function disclosed above. Such response should have been 

sufficient to have the rejection withdrawn or provided anew with reasoning and support 

sufficient to meet the Office's burden. 
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Instead, in the Official Action dated November 19, 2008, the claims were rejected under 
35 U.S.C. 112, first paragraph, for failing the enablement requirement. The Office restated the 
erroneous conclusion provided in the earlier Official Action, stating on page 4 that: 



[t]he disclosure fails to provide any guidance 
pertaining to the structural characteristics or 
mechanism of the interaction between Vpr and 
lymphocytes. The specification specifically 
discloses in more details and in working examples 
the use of Vpr or Rip- 1 -binding fragments of Vpr 
protein as transfection agent [sic] for the delivery of 
conjugated nucleic acid molecule [sic] or 
derivatives into the nucleus of a cell (page 36-37), 
which is not remotely related to inhibition or 
prevention of lymphocyte activation in vitro or in 
vivo, especially inside humans. 



The rejection as set forth in the November 19, 2008 is improper in that it does not provide the 
requisite reasoning and evidence to support an initial conclusion of non-enablement. Rather, the 
Office focuses on a description of certain activities of Vpr directed at other claims not pending. 
The passages noted in the Official Action in no way contradict the claimed invention but rather 
are simply directed to other subject matter. The inclusion in the specification of a detailed 
description of a mechanism of action of another feature of Vpr does not undermine the assertion 
of enablement. More importantly, there is no requirement to provide a description of the 
mechanism by which the claimed invention works. 

In Appellants' response filed August 19, 2008, Appellants pointed out the following on 



The Office has failed to set forth any reasoning or 
evidence to support the rejection. The Office has 
not established that the claimed invention does not 
meet the enablement requirement. Failing to do so, 
the burden is not properly shifted to Applicants. 
Applicants respectfully urge that the evidence and 
reasoning in the specification supports the 
conclusion that one skilled in the art would accept 
Applicant's assertion that the claims are enabled by 
the specification. In the absence of any evidence 
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and reasoning in support of the rejection, 
Applicants are not required to put forth any 
evidence. 

Applicants respectfully request that any rejection 
based upon the Office statement above be 
withdrawn as the statements are not an accurate 
representation of the content of the specification. 
The Office has failed to provide any objective 
evidence or reasoning to question the validity of the 
contents of the specification. The Office has failed 
to present a single cited reference that demonstrates 
the claimed invention would not work. The Office 
has, instead, chosen to assert conclusory remarks 
about what one of ordinary skill in the art would not 
know based upon a negative inference drawn from 
references that do not discuss Vpr activity. The 
Office reasoning is therefore flawed and the 
evidence provided by the Office is not relevant. 

The claims are fully enabled. There is no reasoning provided by the Office or evidence of 
record that suggests the Appellants assertions are in objective doubt. A simple, unsupported 
conclusion does not negate the Appellants position. A simple conclusion unsupported by any 
objective reasoning n of evidence is insufficient to establish a prima facie case of non- 
enablement. The Office has failed to fulfill their burden of proving that the specification does not 
enable the claimed invention. 

Appellants vigorously urge that the rejection should be reversed because the Office has 
failed to meet its burden. The references cited by the Office do not establish the unpredictability 
in the field. On the contrary, they are wholly consistent with the enablement of the invention. 
The absence of working examples and the absence of a disclosure of the molecular mechanisms 
involved together with the cited references simply does not establish that the claimed invention 
is not enabled. Accordingly, the burden has not shifted to Appellants and the assertions of 
enablement should remain accepted. 

Although unnecessary to teach how to make and use the claimed invention, the 
specification does indeed describe a mechanism of action involving Vpr which provides a 
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consistent explanation for the prevention of lymphocyte activation by Vpr. The glucocorticoid 
receptor complex is commonly known to inhibit the function of cytokine transcription. The 
specification clearly and expressly teaches mat HTV Vpr interacts with Rip-1, a protein part of a 
the glucocorticoid receptor complex. The specification specifically discloses that Rip-1 is found 
in lymphocytes (Specification, page 46, lines 25-37) and that Vpr interacts with Rip-1 
(Specification, page 49, lines 1-21). The specification specifically discloses that steroids induce 
the translocation of Rip-1 across the nuclear membrane. (Specification, page 48, lines 31-37) 
while glucocorticoid receptor antagonists prevent such translocation. The specification notes 
that steroids are known to have immunosuppressive effects. The specification specifically 
discloses that Vpr binds to Rip-1 which is part of the glucocorticoid receptor complex and 
prevents translocation of the complex. Accordingly, the specification discloses that Vpr and 
steroids have a similar function of translocating the glucocorticoid receptor to the nucleus. The 
specification discloses that one of Vpr' s functions is its function as a translocation factor for 
glucocorticoid receptor; steroids are also translocation factor for glucocorticoid receptor. 
Steroids are immunosuppressants and the translocation of the glucocorticoid receptor to the 
nucleus is linked to this activity. 

The claimed invention involves the step of contacting lymphocytes with an amount of 
Vpr protein effective to prevent lymphocyte activation. The specification plainly and expressly 
discloses the well-known biological function of glucocorticoids and their effects on the immune 
system. The specification demonstrates that Vpr mimics the biological function of 
dexamethasone and hydrocortisone, well-known glucocorticoids. Thus, one skilled in the art 
would expect that Vpr, which has a function that is like the nuclear translocation function of 
steroids, would be immunosuppressive. Moreover, when all of the evidence of record is 
considered, one skilled in the art would conclude that there is no reason to doubt Appellants* 
assertions of enablement. 

While acknowledging that there is no requirement under the law for a patent application 
to contain a working example, the Office has asserted that a working example is necessary in the 
instant case because the Office the Rogel et al. reference discloses that Vpr functions to inhibit 
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cell proliferation. The fact that a reference describes a function of Vpr other than that in the 
present invention is insufficient to establish that the state of the art and invention are 
unpredictable. 

This reasoning is flawed. One skilled in the art would not consider the fact that Vpr can 
inhibit cell proliferation as somehow making an assertion that Vpr prevents lymphocyte 
activation unpredictable. The two functions are not contradictory. The Rogel reference is does 
not establish, as the Office incorrectiy states, that the "prior art is unpredictable". Likewise the 
Paul et al. reference is not contradictory with a finding of enablement. Moreover, the Mosmann 
reference actually supports a finding of enablement. There is no evidence provided by the Office 
that contradicts the plain and express statements of the specification that Vpr prevents 
lymphocyte activation. There is no evidence of record that contradicts the Appellants' disclosure 
of contacting lymphocyte cells with an amount of Vpr effective to prevent lymphocyte activation 
or raises any doubts as to why Appellants' assertions should be questioned. 

Having submitted no reasoning or evidence that would cast objective doubt on the truth - 
of the Appellants' statements in the specification, the Office has failed to sufficiently satisfy its 
burden to demonstrate that the claims are not enabled. When viewing the evidence of record in 
total, the evidence highly weighs in favor of finding the claims sufficiently enabled by the 
specification. 

One skilled in the art would not conclude that the Office has met its evidentiary burden 
with respect to the enablement rejection. The rejection of claims 32-34 as failing the enablement 
requirement is erroneous. For the forgoing reasons, Appellants respectfully request that the 
rejection of claims 32-34 as being unpatentable under 35 U.S.C. § 112, first paragraph, as 
allegedly failing the enablement requirement, be reversed. 
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For the foregoing reasons, Appellants respectfully urge that the rejection of claims 21 - 
23 and 32 - 34 under 35 U.S. C. § 112, first paragraph be reversed. 

Respectfully submitted, 

/Mark DeLuca. Reg. No. 33.229/ 
Mark DeLuca, Reg. No. 33,229 

Date: October 19, 2009 

PEPPER HAMILTON LLP 

400 Berwyn Park 
899 Cassatt Road 
Berwyn, PA 19312 
(610) 640-7855 (Telephone) 
(610) 640-7835 (Facsimile) 
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(viii) Claims Appendix 

The following claims are at issue in this appeal. 

1.-20. (Canceled) 

21. A method of preventing lymphocyte activation which comprises the steps of: 

obtaining isolated HIV Viral Protein R (Vpr) protein; and 
contacting lymphocyte cells with an amount of said Vpr protein effective to 
prevent activation. 

22. The method of claim 21 wherein said lymphocyte cells are T cells. 

23 . The method of claim 2 1 wherein said lymphocyte cells are B cells. 

24. -31. (Canceled) 

32. A method of inhibiting lymphocyte activation which comprises the steps of: 
obtaining isolated Vpr protein; and 

contacting lymphocyte cells with an amount of said Vpr protein effective to 
inhibit activation; 

wherein cytokine production and secretion by immunoglobulin activation of lymphocyte 
cells is inhibited. 

33 . The method of claim 32 wherein said lymphocyte cells are T cells. 

34. The method of claim 32 wherein said lymphocyte cells are B cells. 
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(ix) Evidence Appendix 

In support of section (vii) regarding the Argument, Applicants submit and attach hereto a 
copy of the following references cited by the examiner during prosecution and identified by 
where in the record the evidence was entered by the examiner: 

William E. Paul, et. al, Regulation of B -Lymphocyte Activation, Proliferation, and 
Differentiation, Annals New York Academy of Sciences, 1987;505:82-9, was cited by the 
examiner on page 5 of the Non-Final Office Action issued on February 20, 2008. Paul was cited 
again by the examiner on page 4 of the Final Office Action issued on November 19, 2008. 

Tim R. Mosmann, et. al, Functions of CD8 T-cell subsets secreting different cytokine 
patterns, Immunology, 1997; 9:87-92, was cited by the examiner on page 5 of the Non-Final 
Office Action issued on February 20, 2008. Mossmann was cited again by the examiner on page 
4 of the Final Office Action issued on November 19, 2008. 

Mark E. Rogel, et. al., The Human Immunodeficiency Virus Type 1 vpr Gene Prevents 
Cell Proliferation During Chronic Infection, Journal of Virology, Feb. 1995; 69(2): 882-888, was 
cited by the examiner on page 6 of the Non-Final Office Action issued on February 20, 2008. 
Rogel was cited again by the examiner on page 4 of the Final Office Action issued on November 
19, 2008. 
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The Human Immunodeficiency Virus Type 1 vpr Gene 
Prevents Cell Proliferation during Chronic Infectionf 

MARK E. ROGEL, LILY I. WU, and MICHAEL EMERMAN* 
Program in Molecular Medicine, Fred Hutchinson Cancer Research Center, 
Seattle, Washington 98104 

Received 16 September 1994/Accepted 1 November 1994 

Human immunodeficiency virus type 1 (HIV-1) is a retrovirus that can cause extensive cytopathicity in T 
cells. However, long-term productive infection of T-cell lines has been described. Here we show that although 
Vpr has no effect on the initial cytopathic effect of HIV-1, viruses that contain an intact vpr gene are unable to 
establish a chronic infection of T cells. However, virus with a mutated vpr gene can readily establish such 
long-term cultures. The effect of Vpr is independent of the env gene and the ne/gene. Furthermore, expression 
of Vpr alone affects the progression of cells in the cell cycle. These results suggest that HIV-1 has evolved a viral 
gene to prevent chronic infection of T cells. 



AIDS is characterized by a progressive depletion of CD4- 
positive lymphocytes. Immune system-mediated mechanisms 
of cell killing were proposed to explain the depletion of CD4 
cells because the number of cells in the peripheral blood that 
were productively infected with human immunodeficiency vi- 
rus (HIV) was not initially thought to be large enough to 
account for the cell loss. However, the large viral burden in 
lymph nodes {11, 28) and the fact HIV is very cytopathic in this 
setting (6) suggest that direct cell killing by the virus itself 
could play a considerable role in CD4 depletion. 

Infection of susceptible cells by the cytopathic oncoretrovi- 
ruses has been divided into an acute stage and a chronic stage 
(reviewed in reference 35). In the acute stage, these viruses 
cause extensive cytopathic effect that is accompanied by high 
levels of proviral DNA and superinfection of cells. After this, 
a chronic infection characterized by immunity to superinfec- 
tion, no signs of cytopathic effect, and small numbers of pro- 
viruses per cell is established (36). HIV also causes cytopathic 
effect during acute infection and under some conditions can 
cause chronic infections. Cell death in the acute stage of in- 
fection is due to the envelope gene products (16, 21, 33, 39) 
and appears to be mediated by apoptosis (17, 21, 22, 37). 

A previous report suggested that the ability of HIV-infected 
cell cultures to survive the acute infection and establish cell 
lines that produce viruses chronically is not mediated by the 
env gene but, rather, by the activity of accessory genes includ- 
ing vpr (25). Vpr is a 97-amino-add protein that associates with 
the virion via interactions with the 3' end of Gag (9, 18, 29, 40) 
and also accumulates in the nucleus of infected cells (20). 
Mutations in the HIV-1 vpr gene significantly reduce infection 
of terminally differentiated macrophages but have little or no 
effect on infection of rapidly dividing cells (4, 1 3, 38). Vpr and 
the matrix protein (MA) appear to be part of the preintegra- 
tion complex that allows HIV proviral DNA to enter the nu- 
cleus in the absence of mitosis in some nooproliferating cells, 
such as macrophages (13). 

Here, we show that Vpr of HIV-1 essentially prevents the 
chronic stage of infection of cells by HIV-1 but has no effect on 
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the cytopathicity of the acute infection. Cell cultures infected 
with an HTV-1 viral stock that contains a full-length vpr gene 
eventually die out after infection. However, the same cultures 
infected with virus that is mutated in vpr recover from the 
initial cell death in the culture and eventually begin to replicate 
with the same doubling times as uninfected cells. Cells that 
eventually grew out of cultures infected with wild-type virus 
contained a mutated vpr open reading frame. In addition, we 
show that the effect of Vpr is independent of multiplicity of 
infection and, in contrast to a previous report (25), is indepen- 
dent of the presence of Nef. Furthermore, we show that the 
effect of Vpr late in the virus life cycle is independent of 
expression of the envelope gene products in peripheral blood 
mononuclear cells (PBMC). Transfections with plasmids that 
express Vpr alone indicate that Vpr expression can alter the 
progression of cells in the cell cycle and therefore may mediate 
its effect through prevention of cell proliferation. 



MATERIALS AND METHODS 

Cells. MT4 and SupTl cells were obtained from the American Type Culture 
Collection and were grown in RPMI with 10% cosmic calf serum (Gibco). 
Peripheral blood lymphocytes were purified from huffy coat preparations, stim- 
ulated for 4 days with U.9 u.g of PHA-P (Difco) per ml, and grown in RPMI with 
10% fetal bovine scrum and 10% interleukin-2 (Cellpro). 

Plasmids. All viruses ate based on pLai (31), which contains open reading 
frames for all of the accessory proteins. Plasmid pLai was modified by addition 
of the simian virus 40 origin of replication in the plasmid backbone to increase 

antigen (not shown). The following proviral mutants were used in this study: Vpr 
(insertion of 4 nucleotides at Ihc/Vcol site at position 5207), Nef (insertion of 4 
nucleotides at the Xhol site at position 8490), MA NLS mutant (change of amino 
acids 26 and 27 of MA from Lys-Lvs to Thr-Thr) (4), and Env (deletion between 
BgM sites at positions 6634 and 72~14). Combinations of Vpr, Nef, Env, and MA 
NLS mutants were made by exchanging DNA fragments between the single 

Virus and Infections. Virus stocks were prepared by transfection of 293T cells 
(30) with 25 ng of provira) DNA per well of a six-well dish by the modified 
calcium phosphate method (S). Cell-free supernatant was collected 1 or 2 days 
after transfection, and the infectious titer was determined by the MAGI assay as 
described previously (15). Titers were typically 5 X 10 s to 2 X It) 6 infectious 

Equal numbers of infectious units of virus were used to infect rympboid cells. 
Typically, 1.5 X 10 s cells were resuspended in 500 uJ of media containing 1,5 X 
10 infectious units of virus and 5 p.j> of Polybrene (Sigma). After 2 h at 37°C the 
cells were pelleted, washed three times to remove residual virus, and resus- 
pended in 2 ml of RPMI containing 10% fetal bovine serum. Viable cells were 
counted every 2 to 4 days based on trypan blue exclusion, p24™ was measured 
by enzyme-linked immunosorbent assay (EUSA; Coulter) with standards pro- 
vided by the manufacturer. 
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FIG. 1. Chronic infection is prevented in the presence of an intact vpr gene. SupTl {A and B) or MT4 (C and D) cells were infected with HlV-1^ with (Vpr + ) 
or without (Vpr") a full-length vpr gene at a multiplicity of about 0.1. The number of viable cells was determined by counting cells that excluded trypan blue (A and 
Q, and the amount of p24P« was deteriruned by mSA (B and D). The number of cells is cumulative and was corrected for cells discarded when the culture was split 
(typically 1 to 2 every 3 days). Symbols as indicated in the figure are for panels A and B, The symbols for panels C and D are the same as in panels A and B, except 
that open squares arc Vpr + NLS" and open circles arc Vpr" NLS". NLS" is the mutation in the nuclear localization sequence in MA as described previously (13). 



Transient expression of Vpr and flow cytometry. Flow-cytometric analysis of 
whole cells was done as described previously (2) with some modifications. 293T 
cells were seeded to 1.5 X 10* per well in six-well plates. Transitions were 
carried out 2 days later with 5 ug of plasmid LTR-GFP (7), 0.6 jig of cytomeg- 
alovirus Tat, and 1 (ig of either long terminal repeat (LTR) Vpr or LTR-NLS- 
p-galactositiasc (15). At 48 h later, the cells were washed once with phospbale- 
buffered saline (PBS), removed from the plate with trypsin, diluted into 5 ml of 
PBS, and pelleted. They were then fixed in 1 ml of 2% formaldehyde at room 
temperature for 10 min, pelleted, and resuspended in 8096 ethanol for 30 min on 
ice. After being washed, the ceOs were treated with 180 U of RNase A per ml in 
1 ml of PBS at 37°C for 25 min, washed again, and then passed through a Nytcx 
filer. Propidium iodide was added to 50 tig/ml, and the ceOs were incubated on 
ice for 1 h in the dark before they were analyzed by ceO sorting. 

Green fluorescent protein (GFP} expression was determined by fluorescence 
emission at 530 nm after excitation at 488 nm (7). Cells were gated positive for 
GFP expression on an FL2Jversus-FLl graph if the FL1 value was greater than 
the background determined by using mock-transfected cells after elimination of 
doublets. The DNA profiles and inferred G„ S, and G 2 peaks were analyzed by 
the Multicycle AV program (Phoenix Flow Systems, San Diego, Calif.). 



RESULTS 

Tbe presence of the Vpr prevents recovery of susceptible 
T-cell lines from the initial cytopatnic effect of HTV-1 infection. 

To determine the long-term effect of Vpr expression on cells, 
we infected SupTl cells (14), a T-cell line that is highly sus- 



ceptible to the cytotoxic effect of HIV-1, with isogenic strains 
of HTV lal that contain either a full-length vpr gene (called 
Vpr + here) or a truncated vpr gene that could encode a 45- 
ammo-acid protein (called Vpr" here). The number of viable 
cells in the culture were counted every 2 to 4 days for about 3 
weeks, and cell-free supernatant was collected to determine 
the amount of virus produced. 

In the initial week after infection, there was little difference 
between cells infected with Vpr + or Vpr~ virus in either virus 
growth or cell number (Fig. 1A and B). Large syncytia were 
observed in both cultures. Between days 7 and 12 after infec- 
tion, the cell number declined dramatically in both infected- 
cell populations compared with the uninfected cells (Fig, 1A). 
However, after 12 days of infection there was a remarkable 
difference in the number of ceils in the Vpr + infected culture 
and the number in the Vpr - culture. By this time, cultures 
infected with Vpr - virus had recovered from the initial cell 
death and began to grow with about the same doubling time as 
the uninfected cultures, while the cultures infected with wild- 
type virus did not recover (Fig. 1 A), The amount of virus in the 
Vpr" culture also remained at a plateau level, while the 
amount of virus in the Vpr + culture declined (Fig. IB), This 
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result suggests that the presence of Vpr prevents establishment 
of chronic infection in SupTl cells. 

MT4 cells are another T-ceil line that is very sensitive to the 
cytopathic effects of HIV-1. MT4 cells differ from SupTl cells 
in that unlike SupTl cells, they do not form large syncytia after 
infection by the Lai strain of HIV-1. Therefore, we repeated 
the infections with MT4 cells and the same stocks of Vpr + and 
Vpr~ virus and counted cells periodically. The results with 
MT4 cells were very similar to those with SupTl cells (Fig. 1C). 
That is, there was little difference in virus production between 
Vpr + and Vpr - virus early after infection (Fig. ID), and cells 
in cultures infected with either Vpr + or Vpr~ viruses began to 
die at simitar rates up to 10 days after infection (Fig. 1C). 
However, by day 14, there were few cells remaining in the 
cultures infected with wild-type virus whereas the cultures in- 
fected with Vpr - virus began to divide with the same doubling 
time as the uninfected cells (Fig. 1C). 

Mutations in the MA NLS (4) have a similar phenotype to 
vpr mutants in that both the MA NLS and Vpr play a role in 
the efficient replication of HIV in macrophages (13). There- 
fore, to determine if mutations in MA acted similarly to mu- 
tations in vpr with respect to cell death, we also infected MT4 
cells with Vpr + and Vpr" viruses that contained a mutation in 
the MA NLS (Fig. 1C). Mutations in the MA NLS alone had 
no effect on the ability of Vpr to suppress cell growth late in 
infection and did not accentuate the Vpr" phenotype (Fig. 
1C). This indicates that cell death late in infection is not a 
property of genes that target the preintegration complex to the 
nucleus (13) but, rather, is specific to Vpr. 

The experiments in Fig. 1 were done at a multiplicity of 
infection of about 0.1. By increasing or decreasing the multi- 
plicity of infection, we could change the shape of the cell 
growth curve but could not change the final outcome (Fig. 2). 
That is, when the multiplicity was raised to about 1, cells began 
to die almost immediately after infection, although, again, 
eventually the cultures infected with Vpr - virus recovered 
(Fig. 2A). The presence of an intact nef gene had no effect on 
this phenotype at either the higher multiplicity (Fig. 2A) or a 
lower multiplicity (data not shown). 

When the multiplicity of infection was lowered to about 0.01, 
the infected cultures continued to divide at the same rate as 
uninfected cells for a longer period. However, eventually both 
Vpr + and Vpr" cultures began to die, and this was followed by 



a period when only the cultures infected with Vpr - virus grew 
out (Fig. 2B). These results indicate that the presence of the 
vpr gene in a provirus prevents cell growth during tie chronic 
stages of virus infection in several cell lines and at different 
multiplicities of infection. In the absence of the vpr gene, cells 
that are normally highly susceptible to the cytotoxic effects of 
HIV-1 recover from the acute infection and establish chroni- 
cally infected cultures that divide at nearly the same rate as 
uninfected cells. 

Growth of cells infected with Vpr* virus is accompanied by 
mutation of the vpr open reading frame. In some cultures 
infected with Vpr + virus, cells eventually began to grow out 
and continued to produce virus. However, the recovery of the 
culture was always more slow than the recovery of cultures 
infected with Vpr - virus (data not shown). We hypothesized 
that cells infected with Vpr + virus had incurred a mutation of 
the vpr reading frame that allowed the infected cells to recover. 
Therefore, MT4 cells that were infected with Vpr + virus (Fig. 
1C) were kept in culture for an additional 2 months. Although 
there were few cells in the culture at the end of 3 weeks (Fig. 
1C), by the end of 2 months the culture had recovered. Super- 
natant from the cultures were collected, and virus was partially 
purified by ultracentrifugation through a 20% sucrose cushion. 
Reverse transcriptase PCR with primers that flanked the vpr 
gene was then performed, and the PCR product was cloned 
and sequenced. 

Two types of vpr clones were recovered from the chronically 
infected MT4 cells. In one class (half of the clones), the ATG 
start codon had been mutated to ACG. Because there is no 
other in-frame ATG codon in vpr, this mutation would effec- 
tively eliminate Vpr expression. The vif gene overlaps with vpr 
at the 5' end of vpr. Therefore, it is noteworthy that the mu- 
tation of the start codon at the second base of the codon occurs 
in the third base of a vif codon and therefore would not change 
the vif reading frame. The second class of mutants contained 
point mutations in conserved regions of vpr (26), and the ef- 
fects of these mutations on Vpr function is under investigation. 
In addition, it should be noted that the vpr alelles of two 
isolates of HIV-1 that had been recovered from chronically 
infected cells, the MFD isolate (34) and the HXB2 isolate (32), 
both contain frameshift mutations that cause premature trun- 
cations of Vpr after 72 and 42 amino acids, respectively (12). 
These data suggest that mutation of Vpr is required for con- 
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is completely changed every 2 to 4 days, and the level of p24™ was 



tinned growth of infected cells, although we cannot yet rule out 
additional changes in the provirus. 

Vpr-induced cell death in the absence of Env in the context 
of a provirus. We wished to determine if Vpr expressed in the 
context of a provirus had an effect in PBMC cells in addition to 
its effect on T-cell lines. However, because it is difficult to 
culture primary T cells for long periods, we wished to carry out 
these experiments in the absence of spreading virus so that the 
effect of Vpr could be assessed without the necessity to estab- 
lish a chronic infection. Therefore, HIV-1 pseudotypes that 
contained either a wild-type or a truncated vpr gene were 
prepared by cotransfection of HIV-1 molecular clones and an 
expression vector for the murine amphotropic envelope gene 
(27). In each case, the HIV provinces contained a large dele- 
tion in the envelope gene such that gpl20/gp41 could not be 
expressed (see Materials and Methods). 

The titers of both Vpr* Env" and Vpr" Env viruses 
pseudotyped with amphotropic envelope was 2 X 10 s infec- 
tious units per ml on HeLa-CD4/LTR-j3-gaI cells (15). PBMC 
were stimulated with phytohemagglutinin for 4 days to produce 
primarily activated T cells. Then, 2 X 10 fi cells were infected 
with 1 ml of virus, washed three times, and resuspended in new 
medium. Because the viruses used for these infections have a 
deletion in the envelope gene and are therefore capable of only 
one round of infection, the maximum number of cells infected 
is a small percentage of the population. Although we would be 
unable to detect a 10% decrease in cell number, we predicted 
that if pro viruses with Vpr were cytotoxic in the absence of the 
envelope, the expression of the viral gag gene would decrease 
over time because of loss of infected cells from the culture. 

Cell-free supernatant was collected from the infected PBMC 
1 day after infection and every 2 or 3 days thereafter (Fig. 3). 
The day 0 collection was done immediately after the cells were 
washed after infection, and therefore it represents the residual 
input virus in the medium (Fig. 3). Each time the supernatant 
was collected, the celts were centrifuged, washed once, and 
resuspended in new medium. As expected, p24 a ° K was found in 
the supernatant as early as 1 day after infection. The amount of 
p24 B °* in both Vpr""- and Vpr" -infected cultures was stable for 
at least 1 week. However, by day 10, the expression of p24 s ° ft 
decayed significantly more rapidly in cultures infected with the 
Vpr* pseudotype than in cultures infected with the Vpr" 
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FIG. 4. Bcl-2 levels and apoptosis do not account for the Vpr phenotype, 
MT4 cells were infected with Vpr* or Vpr - virus at a multiplicity of infection of 
about 0.1. (A) Viable cells were counted on days 4, 6, 8, and 12 by trypan blue 
exclusion (sobd symbols, lefty axis). About 10 s cells were taken at days 4, 7, and 
10 to determine the amount of intracellular fragmented DNA (open symbols, 
right y axis). Symbols: diamonds, uninfected cells; squares, cells infected with 
Vpr + virus; circles, ccUs infected with Vpr" virus. (B) On days 4, 6, and 8 after 
infection (iuditaled by the arrows in panel A). co.ual tell equivalents of protein 
were loaded on a YLS% polyacrylamide gel, blotted, and probed with antibody 
to Bcl-2. Lanes: 1, 2, and 3, extracts from cells infected with Vpr + virus at days 
4. 6, and 8 days after infection, respectively: 4, 5, and 6; extracts from cells 
infected with Vpr" virus at days 4, 6, and S days after infection, respectively; 7, 
8, and 9, extracts from uninfected cells taken in parallel with those of the infected 
cells. 



pseudotype (Fig. 3). These results indicate that viral expression 
is sustained for longer periods in the absence of Vpr than in 
the presence of Vpr in PBMC and are consistent with the 
hypothesis that the presence of Vpr inhibits the proliferation 
of infected primary cells. 

The effect of Vpr is not mediated through Bcl-2 levels. Other 
investigators have noted that acute HIV-induced cytopathic 
effect is accompanied by markers of apoptosis (6, 17, 22, 37), 
and it has been suggested that HIV-1 infection can regulate 
Bcl-2 levels in B cells (10). Therefore, one hypothesis to ex- 
plain the recovery from initial cell death of cultures of cells 
infected with Vpr" virus is that levels of Bcl-2 were modified 
by Vpr, thereby affecting cell death later in infection. 

To test this hypothesis, we examined both DNA fragmenta- 
tion, a marker of apoptosis (23), and the amount of Bcl-2 
protein in the infected cultures after infection (Fig. 4). As in 
previous experiments, the number of cells in the culture that 
had been infected with Vpr" virus first decreased and then 
began to increase by day 12 (Fig. 4A). The presence of frag- 
mented DNA on days 6 and 8 suggested that death occurred by 
apoptosis and correlated with decreases in cell number (Fig. 
4A, open symbols). However, the amount of fragmented DNA 
did not predict which culture would recover from acute cell 

There is a high level of endogenous Bcl-2 in MT4 cells (Fig. 
4B, lanes 7 to 9), as well as in other T-ceil lines that we 
examined (data not shown). On days 4, 6, and 8 after infection 
(arrows in Fig. 4A), equal amounts of total protein from the 
cell cultures were probed with Bcl-2 specific antibody. Al- 
though there is extensive cell death in the infected cultures, the 
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amount of Bcl-2 does not significantly increase or decrease 
relative to that in the uninfected controls, except perhaps for a 
slight increase on day 8 (Fig. 4B, lanes 3 and 6). Furthermore, 
there was no difference in levels of Bcl-2 between the cultures 
that would recover from the initial cell death (the cultures 
infected with Vpr" virus [lanes 4 to 6]) and the cultures which 
did not recover from the initial cell death (the cultures infected 
with the Vpr" 1 " virus [lanes 1 to 3]). Reprobing the blot with 
HIV serum revealed that the Vpr" and Vpr + cultures con- 
tained equal amounts of viral protein on days 6 and 8 after 
infection (data not shown). These results indicate that the 
difference between culture death (Vpr*) and culture survival 
(Vpr - ) is not modulated by differences in Bcl-2 expression. 
Furthermore, forced expression of Bcl-2 or Bcl-X L (3) via 
retroviral vectors did not rescue cultures infected with wild- 
type Vpr + virus (data not shown). Therefore, these results do 
not support the hypothesis that the presence of Vpr in the 
pro virus exerts its elfect on viability of infected cells by mod- 
ulating Bcl-2. 

Expression of Vpr alone alters the distribution of cells in the 
cell cycle. We wished to determine if Vpr expression could 
affect cells directly by analyzing the effect of Vpr on cell cycle 
distribution of transfected cells. Therefore, we transiently co- 
transfected 293T cells with a plasmid that expresses Vpr from 
the HIV-1 LTR and with a plasmid that expresses GFP from 
the same promoter (the HIV-1 LTR) in order to mark suc- 
cessfully transfected cells. Transfected cells were fixed and 
stained with propidium idodide as whole cells to determine the 



DNA content and GFP expression simultaneously. As a con- 
trol for the effects of high-level expression of an exogenous 
nuclear protein, cells were also cotransfected with GFP and an 
NLS (3-galactosidase gene (15) under control of the HIV-1 
LTR. All transfections included the Tat protein to achieve 
high-level expression from the HTV-1 LTR. Cells that ex- 
pressed GFP (and therefore were presumed to express the 
cotransfected marker) were gated on the fluorescence-acti- 
vated cell sorter, and the DNA profiles of both the GFP- 
positive populations (Fig. 5B and D) and the GFP-negative 
populations (Fig. 5A and C) were determined to compare 
transfected and nontransfected cells in the same culture. 

The DNA profiles of GFP-negative populations transfected 
with either Vpr or (J-galactosidase were nearly identical (Fig. 5, 
compare panels A and C). These cells are presumably non- 
transfected cells in the culture. The DNA profile of the cells 
that specifically took up and expressed DNA was then exam- 
ined by gating the analysis on cells that expressed GFP (Fig. 5B 
and D). In the control, the GFP-positive cells in the culture 
cotransfected with both GFP and NLS-p-galactosidase had a 
DNA profile similar to that of the GFP-negative population 
(Fig. 5, compare panels A and B), In both populations, about 
12% of the cells were in G 2 . This indicates that expression of 
a transfected gene alone does alter cell cycle progression. 

On the other hand, the GFP-positive cells that were also 
transfected with a Vpr expression vector had a DNA profile 
that was markedly skewed toward G 2 accumulation of DNA 
(Fig. 5, compare panels C and D). About 52% of the cells were 
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in G 2 in the GFP-positive population, compared with about 
13% of the cells in the GFP-negative population in the same 
culture. These results demonstrate that expression of Vpr in 
those cells is capable of altering their cell cycle distribution. 

DISCUSSION 

We have shown that in the presence of an intact vpr gene, 
fflV-1 will kill an entire culture of infected cells. On the other 
hand, when vpr is mutated, the virus will initially kill a large 
proportion of cells, but a small proportion of the culture will 
eventually survive and become a chronic producer of virus. 
Selection for mutations of the vpr gene occurs in long-term 
cultures of cells initially infected with wild-type virus. These 
results indicate that Vpr has a role in preventing the establish- 
ment of cell cultures that chronically produce virus. 

The effect of Vpr is observed late after infection even in 
peripheral blood lymphocytes that were infected with a Vpr + 
provirus that could not encode envelope and therefore could 
not spread (Fig. 3). This result suggests that the effect of Vpr 
results from accumulation of newly synthesized Vpr from the 
integrated provirus rather than from Vpr that is brought into 
the infected cells in the virion (9) and present in the preinte- 
gration complex (13). In addition, it is doubtful that Vpr is 
responsible for the acute cell death, since cultures infected 
with either Vpr + or Vpr" virus initially die at equal rates (Fig. 
1 and 2) with signs of apoptosis (Fig. 4). We presume that 
gpl20/gp41 is responsible for the acute cytopafhicity. A minor 
effect of Nef on cytopathic effect (25) also cannot be excluded 
from our data. 

The mechanism of action of Vpr is unclear. Vpr itself could 
be cytotoxic late in infection. However, the effect of Vpr was 
independent of Bcl-2 and BcIX. Furthermore, it had previously 
been shown that Vpr could cause terminal differentiation of 
rhabdosarcoma cells (19). Our results are therefore probably 
more consistent with a hypothesis that Vpr is cytostatic and 
therefore prevents cells from continued proliferation (or 
causes their terminal differentiation). On the other hand, Vpr 
could be specifically toxic to cycling cells. The effects of trans- 
fectionof Vpr alone (Fig. 5) are consistent with the hypotheses 
that it produces an arrest of cell cycle progression so that cells 
accumulate in G 2 . A cytotoxic effect of Vpr only in cycling cells 
would explain why primary macrophages, which are withdrawn 
from cycling because of differentiation, are capable of long- 
term expression of HIV-1 without major cytotoxic effects (24), 
whereas PBMCs are rapidly killed by the virus in a productive 
infection. 

The major reservoir of infected cells in vivo contains latent 
rather than active proviruses (1, 5, 11). Therefore, the fact that 
Vpr prevents establishment of chronic infections in T cells may 
have only a minor effect on total virus burden, although it may 
contribute to the ultimate decline in CD4 cells. Therefore, the 
importance of Vpr in macrophages (13, 38) alone could ensure 
its continued selection in vivo. On the other hand, there may be 
an evolutionary advantage for HIV to prevent replication of 
infected T cells. For example, CD4 + cell clones that are spe- 
cific for HIV antigens would be prevented from expansion and 
participation in cytotoxic T-lymphocyte responses after infec- 
tion. The effect of Vpr on the cell cycle also raises the possi- 
bility that it plays a role in the differentiation of cells in vivo. 
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Functions of CD8 T-cell subsets secreting different cytokine 
patterns 

Tim R. Mosmann, Li Li* and Subash Sadt ^ 



CDS* T cells can differentiate into two effector phenotypes, 
Tel and Tc2, secreting different cytokine patterns. Both 
subsets are cytotoxic via the perforin and Fas pathways, and 
both kill resting and activated B cells, ruling out the 
possibility of cognate help, although Tc2 cells may provide 
bystander help. Both subsets induce inflammation with 
similar cellular infiltrates. Tel cytokine synthesis is limited by 
two mechanisms -~ IL-4 induces a permanent deficiency in 
cytokine secretion, and rapid killing of target cells limits 
CDS* Tcell activation and cytokine production. These 
multiple CDS T-cell activities provide a versatile set of 
immune functions. 

Key words: anergy / cytokines / Tel / Tc2 / T-cell 
differentation / Thl / Th2 
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CD8 + T cells recognize antigen peptides presented 
on MHC class I, and kill the antigen- bearing cells. As 
MHC class I molecules contain mainly peptides 
derived from the cytosol, this is an effective mecha- 
nism for tailing celb infected with viruses or other 
intracellular pathogens. However, CD8 + T cells have 
also been associated with suppression of immune 
responses, and their ability to produce various cyto- 
kines suggests additional functions. The recent discov- 
ery of subsets of CDS* T cells producing different 
patterns of cytokines suggests that different functions 
may be mediated by each subset 

Among CD4* effector T cells, the Thl and Thl 
cytokine secretion patterns have been associated with 
very different functions. 1 Thl cells and their cytokines 
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are often associated with delayed type hypersensitivity 
(DTH) reactions, and the Thl cytokine interferon y 
(IFNy) is a potent activator of macrophage effector 
functions. Th2 celb and their cytokines are often 
associated with strong antibody responses, and partic- 
ularly with allergic reactions and anti-helminth 
responses. Although other cytokine patterns have also 
been identified. Thl and Th2 are two major cytokine 
patterns that regulate strongly polarized sets of effector 
functions. During many infections, the choice of a Thl 
or Th2 response is crucial for the outcome of the host 
defence against infection, 2 e.g. a Thl response is often 
essential for clearance of intracellular pathogens such 
as Leishmania major, and a Th2 response is most 
effective against some helminths. 3 

The major cytokine pattern expressed by CD8 + 
effector T cells is similar to the Thl set of cytokines. 4,5 
The production of IFNy, tumor necrosis factor and 
lymphotoxin by CD8* cells is consistent with their 
direct cytotoxic function, as these three cytokines 
activate cytotoxic functions in macrophages and 
granulocytes. However, not all CD8* cells secrete a 
Thl-like pattern. CD8* Tcell clones can secrete both 
Thl and ThZ cytokines. 6 Some CD8* T-cell clones 
derived from lepromatous leprosy patients secreted 
interleukin 4 (JL 4) but only low amounts of IFNy. 7 
After treatment with PMA and ionomycin, CDS* T 
cells lost expression of CDS*, became non-cytotoxic, 
and secreted IL 4. 8 Several groups then showed that 
CD8* T cells could express a Th2-like cytokine 
pattern when differentiated in vivo 9 (P. Openshaw, 
personal communication) or in vitro. 10 " 12 We have 
been interested in the functions of the different 
subsets of CDS* T cells, particularly because the 
effector functions of CD4* Th2 cells and their 
cytokines (B-cell help, allergy) did not appear to fit 
well with the cytotoxic functions of CDS* T cells. 



CD8* T-cell subsets — Tel and Tc2 

For this article, Tel cells are defined as CDS* T cells 
that secrete IFNy but not IL 4 or IL 5, and Tc2 cells 
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are CD8 + cells that secrete IL-4 and IL-5 but not IFN7. 
As described below, the synthesis of IL-2 by mouse Tel 
cells is subject to further regulation, and the Th2- 
specific cytokines IL-6 and IL-10 are synthesized in 
high amounts by Tc2 cells, but also in lower amounts 
by Tel cells. Thus the limited definitions above, based 
only on IFN-y, IL-4 and IL-5, are appropriate for CDS* 
T cells. It should be noted that the cytokine patterns 
of mouse CD8* T-cell subsets are similar to those of 
human CD4 and CDS T cells, i.e. IL4 and IL-5 are 
Th2/Th2 specific, whereas IL-6 and IL-10 are prefer- 
entially but not exclusively synthesized by Th2/Tc2 
clones. Both Tel and Tc2 cells express GM-CSF and 
IL-3, although IL-3 levels are low, particularly in Tel 
cells. Activation of T cells by either Con A or antigen 
results in similar cytokine patterns. 



Differentiation of CDS* T-cell subsets 

Unlike mouse CD4 + T cells, which can differentiate 
readily into either Thl or Th2 cells, naive CDS* T 
cells show a strong preference for differentiating into 
Tel cells. As for differentiation of CD4* cells to the 
Thl phenotype, IFNy and IL-12 encourage differ- 
entiation to Tel cells. Tc2 differentiation requires 
substantial amounts of IL-4, and it is normally also 
necessary to prevent the action of IFNy, e.g. with 
blocking antibody. 11 The antigen presenting cells 
(APC) can be important. The Ml 2 B cell lymphoma 
induces good Tc2 differentiation in the presence of 
IL-4 and anti-IFNy antibody, whereas the macrophage 
cell line J774 only supports Tc2 differentiation if IL-10 
is also added to the cultures (T. Mosmann and W. Fu, 
unpublished). 



Cytotoxicity 

IL-4-secreting CDS* T cells can be less cytotoxic than 
Tel cells, 9 but they can also show similar cytotoxic 
ability, 1 1,13 probably depending on the conditions 
used for growth and maintenance. Both Tel and Tc2 
cells kill mainly by the perforin pathway, as shown by 
the abrogation of killing if calcium is chelated or the 
T cells are derived from perforin-deficient mice. Both 
subsets also kill Fas-expressing target cells, particularly 
cells expressing transfected Fas at high levels. 13 



B-ceHhelp 

Although there have been reports that Tc2 cells can 
help B cells, 9 - 12 it is difficult to reconcile this function 
with the strong cytotoxic ability of Tc2 cells. We have 
examined Tc2 interactions with B cells in more detail, 
using T cells that specifically recognize alloantigens 
on target B cells. Both Tel and Tc2 cells efficiently kill 
either resting or activated normal B cells. 13 Thl cells 
show weak killing, whereas Th2 cells show no killing, 
and even reduce background lysis of the B cells. In the 
absence of perforin, most of the killing of resting B 
cells by either Tel or Tc2 cells is abrogated. In 
contrast, activated B cells are still killed by either 
CDS* subset in the absence of perforin. This may 
occur via the Fas pathway, as B cells are susceptible to 
Fas-ligand-mediated death when activated in the 
absence of Ig receptor signalling. 1 * 

Using small resting B cells, allospecifk Th2 cells 
provided strong help for IgM and IgG synthesis. Thl 
cells provided moderate help, but Tel or Tc2 cells did 
not induce antibody production if they directly 
recognized alloantigen on the B cells. Similar experi- 
ments with T cells from perforin-deficient mice 
showed that Tel and particularly Tc2 cells could 
provide some help for IgM synthesis, but at lower 
levels than CD4 cells. Tc2 cells also induced synthesis 
of IgGl, in accordance with their production of the 
IgGl switch factor IL-4. This help was only observed at 
higher T-cell numbers, and never reached the levels of 
IgGl induced by Th2 cells. 

In contrast to the outcome of direct T-cell recogni- 
tion of B cells, some help could be provided if Tc2 
cells were activated independently, by immobilized 
anti-CD3 antibodies. 11 " 13 As cytotoxicity is a direc- 
tional, one-on-one process, the T cells would probably 
focus the killing mechanisms on the plate-bound side 
of the T ceU. This is supported by the ability of 
immobilized anti-CD3 antibodies to reduce the killing 
of B cells by Tc2 cells. 13 The remainder of the T-cell 
surface may then be able to interact with the B cells, 
for example via CD40 ligand, which is expressed at 
low levels on Tc2 cells. 13 The large amounts of Th2- 
like cytokines produced by Tc2 cells would also 
augment this bystander helper effect. 

Proliferation of B cells induced by allospeciflc T 
cells showed a similar hierarchy — 
Th2 > Thl > Tc2 > Tel. 13 Again, the absence of per- 
forin improved the ability of the Tc cells to induce 
proliferation, but not to the levels induced by CD4 
cells. Both the proliferation and antibody secretion 
data are consistent with the ability of even perforin - 
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deficient Tel or Tc2 cells to kill more efficiently than 
CD4 cells. 

The inability of Tel or Tc2 cells to provide cognate 
help to B cells is consistent with the antigen process- 
ing pathways used for MHC class I and class II 
presentation. Antigen captured by B-cell surface 
antibody is processed and presented on MHC class II, 
whereas MHC class I presents peptides derived from 
proteins synthesised in the B cell. Although another 
pathway has recently been described, 15 in which 
exogenous antigen can be processed and presented 
on MHC class I, this pathway operates in phagocytes 
and a transfected B-cell tumor. 16 As the presentation 
of antibody-captured antigen on MHC class I would 
lead to killing of antigen-specific B cells, thus abrogat- 
ing the specific antibody response, it appears unlikely 
that B cells would normally express this pathway. Thus 
by the regular antigen-processing pathways, foreign 
antigens would be presented on MHC class II if the B 
cell expressed antibody specific for that antigen, 
whereas the antigen would be expressed on MHC 
class I if the B cell was infected. Interaction with CD4 
and CDS cells, respectively, would ensure that antigen- 
specific B cells would be helped, whereas infected B 
cells would be killed. When Tc2 cells are activated by 
recognizing and killing infected cells (not necessarily 
B cells) the Tc2 cells will express cytokines and surface 
molecules that may provide antigen non-specific help 
for neighbouring B cells, to augment the effects of 
antigen-specific Th2 cells. 



CD8 cells and DTH 

As Thl but not Th2 cells can induce a DTH reaction 
when injected into mouse footpads, 17 and Thl cyto- 
kines are often associated with DTH, we tested 
whether Tel and Tc2 cells showed a similar separation 
of function. Surprisingly, both Tel and Tc2 cells gave 
similar inflammatory reactions when injected into the 
footpads of mice expressing the alloarrtigen recog- 
nized by the T cells. 18 The Tel and Tc2 reactions were 
similar in the magnitude and kinetics of the swelling 
and the extent of vascular leakage. Cellular infiltra- 
tion was assessed by staining footpad sections with 
monoclonal antibodies, and by making single-cell 
suspensions and quantitating the number of infiltrat- 
ing cells. Both Tel and Tc2 cells induced strong 
infiltration of cells expressing the Grl antigen, typical 
of neutrophils, and similar numbers of neutrophils 
were identified morphologically. Mac 3 + cells were 
also recruited in similar numbers by either Tel or Tc2 



reactions. Eosinophils were present in larger numbers 
in Tc2 reactions, particularly at later times, consistent 
with the eosinophil attractant, proliferation and 
survival effects of IL-4 and IL-5. 

As the strong ability of Tc2 cells contrasted with the 
poor ability of Th2 cells to induce DTH in this model, 
we tested whether the cytokine expression patterns 
were altered in vivo. However, ELISA analysis of 
footpad extracts showed that IFN7 was expressed only 
in Tel reactions, whereas IL-4 and IL-5 were expressed 
only in Tc2 reactions. 18 Interestingly, both of the 
inflammatory cytokines IL-6 and TNF were expressed 
equally in Tel and Tc2 reactions, possibly because 
these cytokines were expressed mainly by secondary 
infiltrating cells such as macrophages. 

Tc2 but not Th2 cells can kill target cells, raising the 
possibility that the death of substantial numbers of 
target cells in Tc2 reactions may have initiated the 
inflammatory reaction. However, Tel and Tc2 cells 
from perforin -deficient mice were still able to initiate 
substantial DTH reactions, although in some experi- 
ments the magnitude of the reaction was somewhat 
reduced. 18 

In this test system, effector T cells were injected 
directly into footpads, thus only the effector phase of 
the DTH reaction was tested. In order to test the 
relative abilities of Tel and Tc2 cells to home into sites 
of inflammation, radiolabelled Tel or Tc2 cells were 
injected i.v. into mice in which inflammatory reactions 
had been initiated in one footpad by the injection of 
unlabelled Tel or Tc2 cells. Both Tel and Tc2 cells 
showed selective localization into the footpad with 
inflammation, whether the reaction was induced by 
Tel or Tc2 cells. 18 Thus Tc2 cells can mediate both 
stages of the DTH reaction — selective migration to 
a site where inflammation is initiated, and recruit- 
ment of inflammatory effector cells, macrophages and 
granulocytes, to the site of inflammation. 

Although DTH induction by Tc2 cells appears to 
run counter to the selective ability of CD4 Thl cells to 
induce DTH, there is accumulating evidence that 
Th2-like cytokine patterns can also be associated with 
DTH reactions. Preactivated Th2 cells can induce 
inflammation that is dependent on IL-4. 19 In a 
granuloma model in which antigen-coated beads are 
localized in the lung, the mycobacterial antigen PPD 
induces granulomas that are associated with the 
production of Thl -like cytokines, and anti-IFNY anti- 
bodies reduce the size of the granulomas. 20 More 
surprisingly, when similar experiments were carried 
out with a strong Th2-inducing antigen (schistosome 
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egg antigen, ref 21) conjugated to the beads, granulo- 
mas were also obtained, but the granuloma size was 
increased by treatment with anti-IFN-v, suggesting that 
the cytokine regulation was quite different between 
the two reactions. 

Thus inflammatory reactions may be induced by 
more than one set of cytokine effects. It should be 
noted that the effector functions of infiltrating cells 
are affected strongly by Thl cytokines (generally 
activating) and Th2 cytokines (mainly inhibitory). 
Thus the induction of inflammation by T cells 
secreting different cytokine patterns may allow differ- 
ent effector functions to be expressed at a site of 
infection, providing additional versatility in the 
immune response. 



Furflier differenitation of Tel cells — 
'anergy? 

Although Tel and Tc2 phenotypes do not seem to be 
interconvertible, Tel cells can undergo further differ- 
entiation. Treatment with IL-4, in either the presence 
or absence of APC, induces loss of the subsequent 
ability of the Tel cells to synthesize IL-2 in response to 
Con A or antigen. 22 This loss appears to be perma- 
nent, even in the absence of further IL-4 treatment. 
Synthesis of other cytokines is also impaired, partic- 
ularly in response to antigen stimulation. 23 

This further differentiation of Tel cells may explain 
previous results suggesting that some but not all CDS 
cells synthesize IL-2. Tel cells prepared in the 
presence of anti-IL-4 antibodies uniformly synthesize 
moderate amounts of IL-2. However, IL2 production 
is still considerably lower than the levels produced by 
Thl cells, so that CD8 cells may be a major source of 
IFNy, but only a minor source of IL2. 

The cytokine-deflcient Tel cells induced by IL4 
treatment show unimpaired cytotoxicity by either 
perforin or Fas pathways. 22 Surprisingly, the ability to 
induce DTH is also retained, although the cytokine- 
deflcient cells produce IFN 7 at much lower levels in 
vivo during the DTH reaction. 23 

As a consequence of the loss of ability to produce 
IL-2, the cytokine-deflcient Tel cells cannot sustain 
independent proliferation in response to APC, 
although they proliferate normally if exogenous IL-2 
is added to the cultures. This behaviour is similar to 
the state of 'anergy' that has been described in CD4 
and CDS cells stimulated in the presence of reduced 
costimulation. 24,25 However, 'anergy' may not be an 
appropriate description of cells that retain strong 



cytotoxicity, induce DTH, and proliferate extensively 
inrresponse to antigen plus IL-2. 

This effect of IL-4 on Tel cells could be another 
example of cross-regulation of type 1 and type 2 
cytokine patterns. 1 As a consequence of IL-4 activity, 
the Tel cells would retain their immediate effector 
functions. However, they would not be capable of 
sustaining independent proliferation, but would 
instead be dependent on IL-2 produced by other cells, 
e.g. Thl cells. This would impair long-term responses, 
as shown by incubation of low numbers of normal or 
cytokine-deflcient Tel cells with proliferating tumour 
target cells. As expected, even though both types of 
Tel kill equally in the short-term, only normal, IL 
2Hsecreting Tel cells can proliferate and deal with 
large numbers of tumour target cells in longer-term 
assays. 23 



Cytotoxicity limits cytokine synthesis 

CD 4 cells are often considered to be the major 
cytokine producers, and when stimulated by low or 
moderate numbers of APC, Thl cell populations in 
vitro produce much higher levels of IL-2 and IFNy 
than Tel cells. However. CDS clones and populations 
stimulated with Con A or high APC numbers in vitro 
produce some cytokines, eg. IFNy, at levels equal to 
those produced by CD4 T cells. This apparent 
paradox is resolved by considering the different 
effects of CD4 and CD8 cells on APC. CDS* T cells 
but not CD4 + T cells kill APC, thus limiting the 
duration of stimulation, and also the availability of 
APC for stimulating other CDS cells. This model was 
confirmed by using perforin deficient Tel cells, which 
produced much higher levels of cytokines than 
normal Tel cells, at lower APC numbers. 26 The 
alternate Fas ligand killing pathway can also contrib- 
ute to reduced cytokine levels, as perforin-deficient 
Tel cells produce lower cytokine levels in response to 
targets expressing high levels of Fas. As high numbers 
of APC induce high levels of cytokine production 
from even fully cytotoxic CDS cells, frequent stimula- 
tion with multiple targets may substitute for the 
sustained stimulation by a single target received by 
CD4T cells. 

Two mechanisms may thus explain why CD8 cells 
are dependent on CD4 + TceU help in some systems 
but not others. Exposure to IL4, or activation by APC 
with insufficient costimulation, may induce loss of the 
ability of CDS* T cells to secrete IL-2. Alternatively, 
the synthesis of IL2 may be low in circumstances 
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where the CD8 + T cells are stimulated infrequently. In 
either case, the CDS* T cells may then be dependent 
on IL-2 derived from CD4* T cells. 

The variable cytokine production of CD8 T cells 
may be important at different stages of the Immune 
response. Initially, CDS precursor cells are non- 
cytotoxic, so that they would not be expected to kill 
their APC, allowing optimal stimulation and prolifera- 
tion. A few days later, the CDS cells have differentiated 
into cytotoxic effectors, which can migrate to the site 
of infection and kill infected target cells. If infected 
cells are abundant, it would be expected that the CD8 
cells would secrete large amounts of cytokines, aug- 
menting the inflammatory reaction and recruiting 
additional specific and non-specific effectors to the 
site. As the infection is brought under control, the 
number of infected targets will decrease, so that CDS 
cells may still kill the remaining infected cells, but this 
will occur sporadically, and the in-vitro results suggest 
that this would not result in substantial cytokine 
synthesis. This may provide a mechanism for tapering 
off the potentially damaging inflammatory response 
as an infection is resolved. 



Conclusion 

The various aspects of CDS T-cell function described 
above can all contribute to the diversity of effector 
functions available during an immune response. For 
example, Tc2 cells may allow strong cytotoxicity to co- 
exist with strong Th2-mediated antibody responses, 
whereas Tel and Th2 responses would cross-inhibit 
due to conflicting cytokine patterns. Similarly, inflam- 
matory reactions mediated by Tc2 and Tel cells may 
show differences In the effector functions of the 
infiltrating cells, so that the two types of response are 
appropriate for different pathogens. Cytotoxic and 
pro-inflammatory functions of CDS cells may be 
separately regulated depending on the frequency of 
infected targets. Thus the immune system has a 
versatile array of effector functions, which should 
allow an optimal mixture of effector functions to be 
chosen to effectively attack each pathogen. Precise 
matching of effector functions with pathogens is 
important not only to attack the infecting organism 
with the most effective mechanisms, but also to avoid 
immunopathology caused by effector mechanisms 
that do not contribute to pathogen destruction. 
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Understanding the regulation of antibody synthesis is central to any effort to control 
the disordered immune responses which underlie many autoimmune disorders such 

of B lymphocytes, the cells which are the precursors of antibody-secreting cells. 
E mphasis will be placed on the activation of B cells from their resting state, the 
regulation of their rwoEfcration, and some features of their differentiation into antibody- 
secreting cells, including a brief consideration of the problem of class switching. 

B lymphocytes are derived from precursors in hematopoietic tissue. Much has 
recently been learned about the biochemical and genetic events that control the as- 
semblage of brmiunogkjbulin (Ig) gents in B-cell precursors. 1 From this information, 
a picture is emerging of the mechanisms through which antibody diversity is achieved. 
Much less is known about the regulation of pre-B-cdl growth and development An 
important recent contribution to tins field has been the introduction of a system 
through which pre-B cells may be cultured on monolayers of bone marrow stromal 
cdls, 3 In such cultures, pre-B cells proliferate and undergo some differentiation into 
mature B cells. The stromal cell monolayer appears to be critical to these processes, 
presumably reflecting the production of growth-regulatory substances by stromal cells. 
Efforts to characterize the stromal cells and to identify and purify the growth factors 
are now in progress. Work of this type promises to yield information of major sig- 
nificance to our ability to regulate the overall level of B-cell production. 



TWO MECHANISMS OF B-CELL ACTIVATION 



Pre-B cells differentiate into membrane Ig-bearing B cells, which initially exist in 
a resting, or G OI state. Antibody responses to substances introduced into an individual 
for the first time depend upon the existence in the individual of B cells that bear 
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evolved through which testing B ceDs may be specifically activated.' One of these, 
often referred to as receptor cross-linkage stimulated B-ceO activation, depends npon 
the binding of antigen to the membrane receptor of the B cell and the subsequent 
a within the B cell of a series of biochemical signals, which I will describe 



to one another by binding to multiple epitopes on the st 



* backbone. Since all of the 



receptors on an individual B cell have the same binding site, antigens capable of 
activating B cells by receptor cross-linkage must possess multiple copies of the same 
epitope (or must be rendered multivalent by some mechanism). There are ' 
classes of molecules that bear multiple copies of the same epitope. The 
la of the capsules of pyogenic 

ases to rype-2 t 
independent of the need for help from T lymphocytes. It is n 
responses to type-2 antigens do require T-cell products, 5 such as B-ceD stimulatory 
tactor-1 (BSF-1), B-ceU growth foctor-II (BCGF-H) and interieukin-2 (IL-2). How- 
ever, toe initial activation of B cells by type-2 antigens does not require the active 
participation of T cells, and tons these responses are relatively less dependent on T 
ceDs than are responses to the so-called thymus (T)-dependent antigens. The T- 
dependent antigens arc typically proteins, particularly those that bear no more than 
one copy of any individual epitope. (Proteins e 
generally eacli exists only once ih a given mo" ' 
d polypeptide chains.) T-depend en t ai 

is of B cells and thus do not directly create biochemical signals within die B 
cell to which they bind. The activation of such cells depends upon an intimate 
interaction with a T lymphocyte that is, itself, specific for an epitope on the same 

T-ceU-B-ceO, interaction and involves the co- recognition by the T cell of an epitope 
and a class II major Wstocompatibility complex (MHC) molecule on the surface of 
the BceH 



Receptor Cross-Linkage Stimulated B^eU Activation 



c immunoglobulin on the surface of B cells can most 
d by anti-Ig antibodies. Normal testing B ceDs and Ig-bearing 
onstrate a rapid increase in inositol phospholipid metabolism 
a response to anti-Ig antibodies.*"* In cells in which the inositol phospholipid pool 
' 'teled with tritium, there is a striking increase in radioactivity in inositol 
e (IP3) within 15-30 seconds. The elevation of D?3 reflects hydrolysis of 
] inositol bisphoephatc (PIP2) by pbospholipase C (PLC). It appears most 
likely that receptor cross-linkage leads to enhanced PLC activity, initiating these 
events. Thus far, no molecular intermediates between membrane Ig and PLC have 



The cleavage of PIP2 yields TP3 and diacylglycerol (DO). Both of these products 
have biological activities which appear to be of critical importance to the a 
of toe B cell. IP3 r ' - 



elevation in intracellular free calcium concentration ([C* ++ l)- ia " DG causes the 
activation of protein kinase C (PKC), ,2,U an enzyme which catalyzes tbe phosphor- 
ylation of several proteins of B cells, most notably jdasma-mtanbrane-associated pio- 
teina and certain cytoskctetal proteins." The unpoitance of mcrcased [Ci ++ 1 and of 
enhanced PKC activity in B-ceU activation is strongly suggested by the observation 
that B ccOs can be stimulated by a combination of agents which increase [Ca ++ 1 and 
enhance PKC activity. These are the cakaum ionophores, such as A23187 and »no- 
mycm, and pborbol esters, such as phorbol myristate acetate (PMA). Indeed, treatment 
of B ccOs with a calcium ionopbore and PMA. leads to responses which are very 
similar to those observed in response to anti-IgM antibodies, including entry into fhe 
G, phase of the cell cycle, induction of class II MHC molecule expression, and 
sensitivity to the growtb-stiinulatiog acth^ofBSF-I.^'Thi^ receptor crc«s-linluge 
leads to B-cell activation medbttedlargely through the inositol phospholipid metabolic 
pathway and involving elevation in [Ca ++ L with the attendant increase in activity 
of a myriad of calcium-dependent enzymes; and activation of PKC leading to the 
phosphorylation (and presumed change of function) of several B-cell protons. 

A second important event in the activation of the resting, or fhe early G,, B cell 
is the binding of BSF-1 to that celL BSF-I is a 20,000 M T T-ceD product that has 
been purified to homogeneity 17 -" and for which a monoclonal antibody" and a cDNA 
clone have recently been O btained This tymphokine acts on resting B cells, as shown 
by the facts that it causes a substantial increase ( ~ 6-fold) in the amount of class II 
MHC molecules expressed on B cells 21 * 2 *; and it prepares cells to respond more 
promptly to anti-Ig antibodies. **** Resting B cells have recently been shown to express 
small numbers (-300) of high-affinity receptors for BSF-1. 25 

Although the biochemical basis of BSF-1 action has not yet been established, it 
plays a critical role in the entry into the S phase of the cell cycle of B cefb that have 
been treated with anti-Ig antibodies." Tims, resting B cells stimulated with low 
concentrations (1-5 ug/ml) of anti-Ig alone enter G, but not S phase, unless they 
also receive BSF-1 as resting- or earry-G,-phase ceils. Anti-Ig and BSF-1 may be 
considered to act jointly to induce a state of competence in B lymphocytes for csflnhw 

i(s) through which such competent B cells arc stimulated to pro- 
r. Several possibilities exist There may be a unique B-ceU growth 
factor that acts as a late G| "progression " factor and that stimulates cell division by 
B cells prepared through the joint action of anti-IgM and BSF-1. There is emerging 
evidence that the facto designated BCGF-II," for which a cDNA clone has recently 
been obtained, 29 displays this function. In d eed, some human B lymphoma cells and 
normal activated human B cells produce a B-ceU growth factor that may act as an 
autocrine growth stimulant.^ 31 Thus, it is possible that induction of a state of com- 
petence in B cells renders them sensitive to the action of a B-cell growth factor that 
is supplied to them either as a T-cell product or as an autocrine (B-cell -derived) 
growth stimulant A second possibility is that BSF-1 acts not only as a co-competence 
factor but also as a late-G, progression factor. BSF-1 in high concentrations his some 
growth-stimulatory activity on mouse B-cell blasts, 27 and BSF-1 has also been recently 
shown to stimulate growth of certain T-cdl lines. 32 A third possibility is that inter- 
leukin-2 (IL-2), winch has been shown to act on some IL-2 receptor-bearing B-cell 

Finally, B cells that have been activated^ritiTanti-Ig aiHTBSF-l or with a high 
concentration of anti-Ig alone may enter S phase without the need for any progression 
factor. Recent progress in the purification of B-cell active proteins such as BSF-1, 
BCGF-II, and IL-2 and in the identification and purification of the receptors for these 
growth stimulants 2 " 5 makes it likely that the control of B-cell proliferation in the 
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activation pathway will be understood in more 



Ig synthesis by activated, proliferating B cells is abo controlled by the action of 
lymphokines. Human B-iympbocyte Ig secretion has been shown to be stimulated by 
a factor designated B-ccll differentiation factor (BCDF or B-ceH stimulatory factor- 
2 [BSF^D-^In the mouse. BSF-2 has not yet been identified. B-cdl differentiation 
is stimulated by several agents, including BCGF II (or a related molecule) in synergy 
within*' 



is far from complete, substantial progress has been made in purifying the growth- 
regulatory polypeptides and in determining the ceflular biochemical events that govern 
this response. Unfortunately, much less fa " ... . 

form of B-ceH activation me d iated by c 
least in part, due to the difficulty of sti 



B-cdl activation. It scans clear that a critical ei 
action is the capacity of B ceDs to p 
are bound by B-cell receptors b 
B celb recognize epitopes " 
by T cells consist of a complex composed of a peptide cleaved from the intact antigen 
and a class H MHC molecule. a For cognate T-cell-B-cefl interactions to be achieved. 



the native antigen bound to the B cell receptor must be endocytcsed and men must 
undergo proteolytic degradation." Some erf the peptides formed as a result of pro- 
teolysis are reexprcssed on the B-cdl membrane. Recent evidence indicates that these 



s with class H MHC molecules,* 
recognized by the TcelL This reccgmtioninayserw to 

T cells into contact with specific B cells; or It may lead to the activation of a resting 
T cell, causing it to secrete lymphokines and possmly to divide. On the last point, 
there to still uncertainty as to whether a resting B cell expressing an antigen-MHC 
complex on its surface is capable, by itself, of stimulating a resting T cell to secrete 
lympholdtws. 

The molecular mechanism of B-ceH activation in cognate T-ceU-B-ceD interaction 
to not dean several alternative ideas have been proposed The interaction of the T 
cell with antigen-MHC molecules on the B-cell surface might generate a biochemical 
signal within the B cell, presumably mediated by the class II MHC molecule. The 
question of whether class II molecules can transmit signals has not been fuliy resolved; 
it is thus premature to judge the likelihood that an activation signal is directly generated 
by cellular coupling in cognate interactions. A second possibility is that in the mi- 
croenvironment of the T-cell-Bwxll interaction, the T cell produces lymphokines, 
which signal the B oeD to activate and to divide. In favor of this idea are the finding 
that stimulated T cells produce tymphofcmea and recent data that suggest that the 
secretory apparatus of T cells involved m T-ceU-B-ceO interactions is polarized to the 
region of the interaction.*' This suggests that stimulatory lymphokines may be direc- 
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themselves to prepare a resting B cell to divide BSF-1 requires a co-stimulant, such 
as anti-IgM, to render a resting B cell competent to divide in response to a progression 
factor. It is possible that the T cdl produces a second lymphokine Hat acts with BSF- 
1; or that it produces a lymphokine that, by itself, induces ccmiieteiic^ or even caus« 
the resting Bcdl to enter S phase without any other stimiuaiit« Yet another ikot^ 
is that locally produced BSF-1 synerglzes with a postulated signal created in the B 
cell by the direct interaction of the B cell with the T cell, cr tbxongh the action of 
an antigen-specific T-cefl product that hinds to the B-cell surface. 

Although these issues arc for from being resolved, it is already clear that the 
interplay of T-ceD-derived lympbokines can have very important effects on B cells 
and that major regulatory events mediated by tymphokines occur in die context of 
T-ceH-frcell interactions. One example is the antagonism of BSF-1 function by in- 
terferon y (IFNy). It has recently been shown that many of die actions of BSF-1 on 
resting B ceDft are inhibited by IFNy. These actions include the preparation of the 
cells to respond more promptly to progression fectore 43 and the induction of expression 
class II molecules on B cell surfaces. 4 * Mosmann and colleagues* 5 have recently 
reported that many T-cell clones produce IL-2 and IFNy, but not BSF-1 (ThI cells); 
while other T-cefl chnws produce BSF-1, but not IL-2 or IFNy (Th2 cells). This 
would suggest that the stimulation of a B cell by BSF-1 in a cognate interaction with 
a Th2 cell might be inhibited by a cognate interaction of • Thl with the same B cdl. 
Indeed, this would lead to the possibility that Thl cells, which under most circum- 
stances would be regarded as hdper/induccr cells, may suppress responses of resting 
B cells that are dependent upon the action of BSF-1. 

Once a B cell is activated as a result of a cognate interaction with a specific T 
cell, it is likely that its requirements for entry into S phase and for differentiation into 
" r to those of B cells activated through receptor 



M CONTROLS SWITCHING OF IG-CLASS EXPRESSION 



One of the most important and poorly understood aspects of antibody responses 
is the phenomciKm c^Ig^lass switching. Its importance lies in the distinctive biological 
function of the various Ig classes. It has recently been demonstrated that class switching 
may be controlled by soluble factors. 4 * The best example of this is the effect of BSF- 
I on the production of IgGl* 7 and IgE 4 * by B cells stimulated with Hpopolysaccharide 
(LPS). When resting B cells are stimulated with LPS, , they secrete IgM and, to a 
lesser degree, IgG3. Addition of purified BSF-1 to the cultures with LPS leads to the 
appearance of significant amounts of IgGl and IgE, and to a diminution in the amount 
of IgG3 made. This effect appears to involve Ig-dass switching, since the precursors 
of the IgGl-producing cdls lack membrane IgGl when they are initially stimulated 
with BSF-1. 4 * BSF-1 plays an important role in the control of Ig-dass expression in 
vivo as well as in vitro. Injection of larvae of the helminth Nippostrangylus brasihensis 
causes a 100-fold increase in serum IgE levels. If mice are treated with a monoclonal 
antibody to BSF-1 at die same time that the larvae are injected, the increase in serum 
IgE concentration is inhibited by 10-fthL 4 * This is very strong evidence that endog- 
enous production of BSF-1 has a critical effect in switching to the expression of IgE 
in mice with parasitic infections. The molecular mechanisms underlying Ig-dass 
switching in response to BSF-1 are now under investigation. 
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CONCLUSIONS 



The activation of resting B cdls to enter O, phase, to undergo clonal expansion 
through proliferation, to differentiate into Ig-secretmg cells, and to switch expression 
of Ig class are highly regulated events. As described in this paper, B cells have at 
least two mechanisms for their initial stimulation; bat thereafter it seems nicely that 
their control mechanisms will prove to be rather similar. S ub st anti al progress has 
been made in many aspects of this work as a result of the chemical purification of 
the growth-regulatory factors, the preparation of monoclonal antibodies to these mo 
tots, and the derivation of DNA clones— all of which makes possible detailed analysts 
of regulation of factor production and allows the production of virtually onlrmited 
amounts of these enormously potent signalling molecules. Among the key areas for 
future study will be the development of a quantitative physiology for lymphocyte 
l Progress in this area should prove very useful in elucidating the rote of 
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Response to Amendment 

In view of the brief filed on November 30, 2007, PROSECUTION IS HEREBY 
REOPENED. See the rejections set forth below. 

To avoid abandonment of the application, appellant must exercise one of the 
following two options: 

(1 ) file a reply under 37 CFR 1.111 (if this Office action is non-final) or a reply 
under 37 CFR 1 .1 13 (if this Office action is final); or, 

(2) initiate a new appeal by filing a notice of appeal under 37 CFR 41 .31 followed 
by an appeal brief under 37 CFR 41 .37. The previously paid notice of appeal fee and 
appeal brief fee can be applied to the new appeal. If, however, the appeal fees set forth 
in 37 CFR 41 .20 have been increased since they were previously paid, then appellant 
must pay the difference between the increased fees and the amount previously paid. 

A Supervisory Patent Examiner (SPE) has approved of reopening prosecution by 
signing below: 

/Bruce Campell/ 

Supervisory Patent Examiner, Art Unit 1648. 

Claims 1-20 and 24-31 have been cancelled. Claims 21-23 and 32-34 are 
pending and currently examined. 

Claim Objections 

Claim 21 is objected to because of the following informalities: the claim refers to 
the proteins Vpr by its acronym without first identifying it by the full name, HlV-1 viral 
protein R. Appropriate correction is required. 
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Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Applicant's arguments, see pages 11-16 and 20-24, filed on 30 November 2007 
in the appeal brief, with respect to the rejection of claims 21-23 and 32-34 under 35 
U.S.C. §1 03(a) as being unpatentable over Rogel et al. (February, 1995) have been 
fully considered and are persuasive. Therefore, the rejection has been withdrawn. 
However, upon further consideration, a new ground of rejection is made in view of the 
different interpretation of the previously applied reference. See the new enablement 
rejection below. 

Claim Rejections - 35 USC § 112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

The rejection of claims 1-5, 14, 15, 20, 25-27 and 29-34 under 35 U.S.C. §112, 
first paragraph, as containing subject matter which was not described in the 
specification commensurate in scope is withdrawn in response to Applicants' 
amendment. 
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New Rejection: Claims 21-23 and 32-34 are rejected under 35 U.S.C. §112, first 
paragraph, as failing to comply with the enablement requirement. The claims contains 
subject matter which was not described in the specification in such a way as to enable 
one skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and/or use the invention. 

in making a determination as to whether an application has met the requirements 
for enablement under 35 U.S.C. 1 1 2 1f 1 , the courts have put forth a series of factors 
(MPEP §21 64.01 (a)). See, In re Wands, 8 USPQ2d 1400, at 1404 (CAFC 1988); and 
Ex Parte Forman, 230 U.S.P.Q. 546 (BPA1 1986). The factors that may be considered 
include (1 ) the quantity of experimentation necessary, (2) the amount of direction or 
guidance presented, (3) the presence or absence of working examples, (4) the nature of 
the invention, (5) the state of the prior art, (6) the relative skill of those in the art, (7) the 
predictability or unpredictability of the art, and (8) the breadth of the claims. Id. While it 
is not essential that every factor be examined in detail, those factors deemed most 
relevant should be considered. 

The nature of the invention is the inhibition and prevention of lymphocyte 
activation by Vpr protein. The breadth of the claims encompasses both B lymphocytes 
and T lymphocytes and both in vitro and in vivo prevention and inhibition. 

The disclosure fails to provide any working embodiments that meet the claimed 
limitations. While there are examples of assays to identify Rip-1 -binding fragments of 
Vpr that are inducers or inhibitors of glucocorticoid receptor (GR) type II complex 
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translocation from cytoplasm to the nucleus, no in vitro or in vivo working example of 
any prevention or inhibition of lymphocyte activation is disclosed in the specification. 

The specification provides no guidance regarding practice of the claimed 
methods. The specification refers generally to the Vpr's interaction with the 
glucocorticoid steroid biochemical pathway (page 22, line 26-37), that the expression of 
Vpr within the cell causes the cell to stop proliferating (page 5, line 31-35) and that Vpr 
inhibits cytokine production/secretion by T celts, B cells, and monocytes during 
immunoglobulin activation (page 10, lines 14-20). However, the disclosure is silent 
pertaining to specific method steps of inhibition and prevention of lymphocyte activation. 
The disclosure fails to provide any guidance pertaining to the structural characteristics 
or mechanisms of the interaction between Vpr and lymphocytes. The specification 
specifically discloses in more details and in working examples the use of Vpr or Rip-1- 
binding fragments of Vpr protein as transfection agent for the delivery of conjugated 
nucleic acid molecule or derivatives into the nucleus of a cell (page 36-37), which is not 
remotely related to inhibition or prevention of lymphocyte activation. Therefore, the 
disclosure does not correlate with the claimed method of preventing and inhibiting 
lymphocyte activation in vitro or in vivo, especially inside humans. 

At the time the invention was made, successful implementation of lymphocyte 
activation inhibition and prevention with Vpr was not routinely practiced by those skilled 
in the art. Prior art only teaches T lymphocytes to secrete cytokines upon activation 
(Mosmann, 1997) and B lymphocytes to produce immunoglobulins once activated by 
cytokines (Paul, 1 987). The only effect of Vpr expression within cells is the alteration of 
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distribution of ceils in the cell cycle and thereby mediating the prevention of cell 
proliferation (Rogel, February 1995). The prior art is unpredictable and fails to provide 
sufficient illumination pertaining to the mechanisms underlying inhibition and prevention 
of lymphocyte activation by the Vpr protein. 

There is no specific guidance in the art or specification and no specific examples 
of the claimed method set forth in the specification. While Applicant is not required to 
set forth working examples, the specification must set forth sufficient teachings to allow 
one to practice the claimed invention. Legal precedence dictates that the scope of the 
claims must bear a reasonable correlation to the scope of enablement provided by the 
specification. In re Fisher, 427 F.2d 833, 839, 166 U.S.P.Q. 18 24 (C.C.P.A. 1970). In 
re Vaeck, 20 U.S.P.Q.2d 1438 (CAF.C 1991). In re Angstadt, 537 F.2d 498, 502-03, 
190 U.S.P.Q. 214, 21 (C.C.P.A. 1976). There is no evidence that Vpr has any effect on 
T lymphocyte secretion of cytokines, let alone the any effect on the activation of B 
lymphocytes. Thus, when all the aforementioned factors are considered in toto, it would 
clearly require undue and unpredictable experimentation from the skilled artisan to 
practice the claimed invention. 

In conclusion, the instant invention, based on the evidence as a whole, in light of 
the factors articulated by the court in In re Wands, lacks an enabling disclosure. 

Correspondence 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to LOUISE HUMPHREY whose telephone number is 
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(571 )272-5543. The examiner can normally be reached on Mon-Thu, 9:00 am - 5:30 
pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Bruce Campell can be reached on 571-272-0974. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/L. H./ 

Examiner, Art Unit 1648 
/Bruce Campell/ 

Supervisory Patent Examiner, Art Unit 1648 



